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I. INTRODUCTION

Located in the Simi Hills of Ventura County, California, the Nuclear
Materials Development Facility (NMOF) was designed, constructed, and operated
by Rockwell International for research, development, and production work with
alpha emitting and/or highly radiotoxic nuclear and radioisotopic fuels. The
major effort at this facility involved plutonium-bearing fuels, primarily
plutonium-239. The final products were solid reactor fuel materials, radio-
isotope heat sources, or radiation sources in a variety of form. and composi-
tions. Various forms of plutonium and depleted uranium (oxide, carbide,
metallic) were used as feed materials for all projects.

A1l of the operations involving unencapsulated radiotoxic materials
were performed in gloveboxes which containéd all aerosols generated during
normal handling processes. The facility was operated for a total of about
16 years, and experienced only three contamination incidents. The first
occurred in 1973, when a plastic bag connected to a glove port on gloveboxes
17 and 77A ruptured and released measurable plutonium contamination onto the
eastern side of the glovebox room. In the second incident, a vacuum pump leak
resulted in the release of detectable plutonium contamination on the glovebox
room floor, toward the vault. Both releases were determined to be localized
to the immediate area of the incident although small quantities of contamina-
tien did spread throughout the room, including the overhead pipes and duct
work. A spill of contamination alsc occurred in the process laboratory, which
was used as a waste handling and packaging room during operations; consequent-
ly, this room was suspect as containing trace quantities of plutonium or
depleted uranium.

Except for the boiler located in Room 128, the emergency diesel genera-
tor located in Room 132, and associated compressors and air conditioning units
located outside of the building on cement foundations, the building has been
gutted. Most of the equipment removed was disposed of as radiocactive waste
under the burial criteria for transuranic waste. A1l detectable radioactive
material was removed. Residual contamination in the facility is well below
applicable iimits specified by Annex B to Specia) Nuclear Materials License
NOo. SNM-21.
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Surveys were performed during the decontamination work to identify any
areas needing further decontamination. After these surveys showed that the
facility was completely clean and that the decontamination effort was fin-
ished, a formal documented survey was performed to provide a quantitative
demonstration of the satisfactory level of residual contamination. This sur-
vey is an application of a sampling inspection method, inspection by varia-
bles. This application is similar in performance to inspection by attributes
and variables discussed in Reference 2 (Decon-1).

In this sampling inspection, a minimum sample of 11% of the surface was
performed on the floors, walls, and ceilings to measure the average alpha sur-
face activity, removable alpha surface activity, average beta surface activ-
fty, and removable beta surface activity. Because of the very low residual
activity found, the surface dose rate was not measured. Samples of soil,
drain line sludge, paint, and miscellaneous samples were collected and ana-
lyzed as necessary; special structural features were surveyed when determined
appropriate. The inspection sampie was structured on the basis of a uniform
3-meter-square grid, with a single 1-meter-square location selected for meas-
urement from the nine locations in each grid. The 1-meter-square location in
each grid was selected with the intent of choosing a location whe=e there
could be potentially higher residual contamination. (The use of the 3-meter-
square grid assures roughly uniform distribution of sample locations throvah-
out the facility.) One-meter-square locations were surveyed with alpha and
beta sensitive equipment, and 100 cm2 of the surface in each locaiion was
swiped and tested for removable activity. If the results of the 1—m2 survey
exceeded B0% of the release criteria, additional sampling in nearby locations
was performed and the results incorporated into the analysis. A1l areas
determined during this survey to be.greater than 80% of the acceptance
criteria were decontaminated further.

Wnile the Nuclear Regulatory Commission has adopted surface contamination
1imits established in Annex B of Rockwell International's Ticense SNM-21,
docket 70-25, as suitable for release of equipment and facilities for
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unrestricted use, the goal is to eliminate residual contamination to the
extent reasonable. This has been done and is demonstrated by the results of
the survey.

The statistical test applied to the survey, inspection by variables, is
based on a consumers' risk of acceptance at 10% defective, that is, 0.1, and
assumes that the data follows a Gaussian probability density function. In all
cases, the measurements show that the test is satisfactorily passed and the
building is acceptably clean.
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I1. IDENTIFICATION OF FACILITY PREMISES

A. BUILDING CHARACTERISTICS

The premises to be released for uncontrolled use consist of Build-
ing T055, a security post on the north side of the building, and equipment
yards surrounding the building but within the facility security control
fence., It is located at the Santa Susana Field Laboratory in the Simi Hills
of ventura County, California, shown in Figure 1. The NMDF site is presented
in Figure 2.

The NMOF building enclosure is a tilt-up concrete s*tructure 200 ft long
(running north and south), 60 ft wide, and 16 ft high. The building is
divided into an administration area, change rooms, chemistry and other service
laboratories, a giovebox roocm, 2 vault, and facility equipment rooms. The
architecturai plan is shown in Figure 3. The entire facility site was a con-
trolled access area; however, the building was divided into posted and un-
posted radiologically controlled areas. Figure 4 identifies each room of the
facility and shows the posted and unposted areas.

The building is constructed of noncombustible materials including window-
less, precast, tilt-up concrete slab walls of 6-in. thickness and a concrete
slab floor. The roof, consisting of 1ightweight concrete, tarred feit, and
gravel, is supported on steel deck panels and girders. The portion of the
building surrounuing the radiologically posted area was totally enclosed by
painted concrete surfaces, weatherproofed doors, and suitable partitions. The
floors of the glovebox room and chemistry laboratory had polyvinyl sheet
covering to provide an easily decontaminable surface. Prior to the demolition
of the buildiny interior, systems in place included: air conditioning, radio-
active exhaust system for posted areas, a separate radioactive exhaust system
for gloveboxes, unshieided gloveboxes, radioactive 1iquid waste holdup,
electrical power distribution, annunciator and controls, alarms and instru-
mentation, fire protection, and plumbing. Section IIl of this report
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FIGURE 4 - FACILITY LAYOUT AND ROOM DESCRIPTIONS

i e

Radiologically Unposted Areas -e=4- Sample lot #1 N
;‘!_ 4 ::; Br?:f' Description

1 100 Offace

2 102 Storage Area

3 103 Office

~ 104 Office

5 105 Office

6 106 Office

T 107 Conference Room

8 108 Office

9 109 Janitorial Service Storage
10 110 Restroom
12 112 Cffice
13 113 Corridor
14 114 Office
15 115 Corridor

»

ar? Restroonm

>

18 118 Locker Room
28 128 Air Conditioning &
Supply Equipment Room
32 132 Auxilary Power Supply
Generator
33 133 Zlectrical Distridution

Zquipzent

Radiologically Posted Areag

Layout FRoom

Susber MNo. Description
16 116 Change Rooaz
19 116 Shower & Change Room
20 120 Airlock to Controlled Area
2l 121 Health & Safety Counting
Laboratory }
22 122 Photographic Dark Room
23 123 Instrument Laboratory
24 124 Chemistry Laboratory
25 3298 Corridor
26 126  _Process Laboratory
e? 187 Gleve Dox Labdboratory
295 12? Radiocactive Ixkhaust
Equipment room
39 120 Airlock to Controlled Area
n 131 Eadiocactive Materials

Storage Vault
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provides information regarding the decontamination effort, equipment removed,
radiological problems encountered, and final condition of the building prior
to the final survey.

B. RADIOLOGICAL CONDITIONS

The only radioactive materials handled in the facility were plutonium
(consisting of mixtures of Pu-238, Pu-239, Pu-240, Pu-241, Pu-242, Am-241) and
enriched and depleted uranium. A1) of the isotopes decay by alpha emission
with the exception of Pu-241, which decays by beta emission to Am-241, which
in turn decays by alpha emission. In addition, depleted uranium, primarily
U-238, decays by alpha emission to thorium=234, wnich has such a short half
1ife compared to U-238 that the daughter product is in equilibrium with the
parent. Thorium-234 decays by beta emission, to Pa-234, which also has a
short half-l1ife and decays by beta emission to U-234. There is essentially no
U-234 present in the depleted uranium. Therefore, two beta particles are
emitted following the emission of the U-238 alpha particie. Since the beta
activity is much easier to measure than is the U-238 alpha activity, it has
been chosen, for this survey, as the indicator of depleted uranium contamina-
tion. Annex B establishes limits for U-238 and associated decay products
based upon alpha activity. Since two beta particles are emitted for each
alpha decay of U-238, the acceptance 1imits based on measurements of beta
activity are taken to be twice the 1imits based on alpha activity.

The facility was operated in a radiologically controlled manner; only
three contamination incidents occurred during its operation, two involving the
release of plutonium into the glovebox room; one involving release of activity
in the Process Lab. Figure 5 shows. the location of the releases in tne glove~
box room. The first release occurred in June of 1973 when gloveboxes number
17 and 17A were inadvertent.,K overpressurized. Although small zamounts of
contamination were discovered spread over the entire room, the majority was
confined to the localized area of the release. Following the incident, the
room was cleaned as necessary and returned to service. The second reiease
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occurred when a seal on a vacuum pump used for the gloveboxes ruptured. This
release was entirely localized to the immediate area. The leaked 01l was
removed and the floor cleaned. The building was then returned to service. In
the Process Laboratory, a bag of waste broke, releasing a small amount of
unidentified contamination. Special care was taken in these areas during the
dismantling, demolition, and fina) survev to ensure that the area is truly

clean. No conclusive evidence suggests . at the building ever experienced
other contamination problems.
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[11. DECONTAMINATION EFFORTS

Decontamination and deactivation of the Nuclear Materials Development
Facility were initiated in November 1982. The progression of the decontamina-
tion efforts was as follows: (1) decontamination and then removal of glove-
boxes and connecting tunnels, including glovebox equipment, (2) removal of
utilities and low-volume exhaust system, (3) decontamination of support area,
(4) disposal of NaK in glovebox atmosphere purifiers, (5) removal of liquid
waste holdup system, and (6) removal of high-volume exhaust system. The waste
generated during cleanup operations was packaged concurrent with the generat-
ing operation and shipped for disposal at the discretion of Radioartive
Materials Disposal Facility.

Decontamination of the glovebox surfaces was accomplished utilizing ALARA
strippable paint. This proved to be an effective and efficient method of sur-
face decontamination. Glovebox and tunnel section removal was completed in
November 1985. Survey of the decontaminated gloveboxes was conducted to
assure that they were not TRU waste and were within the criteria of LSA waste.

ATl components of the low-volume exhaust system, consisting of blowers,
apsolute filter banks, and associated valves and controls, were removed except
for the stack which was still linked to the high-voiume exhaust system. This
was completed in February 1985. The utilities that were removed and disposi~
tioned included those used specifically for glovebox operations, 1.e., cooling
water, argon, helium, dry air, vacuum, and electrical and control wiring, and
those utilities which serviced the glovebox room, i.e., compressed air, elec~
trical power, lighting, PA system, phones, sprinklers, fire alarm circuits,
radiation alarm system, and intrusion alarms. Remova)l of utilities servicing
the glovebox room was completed in November 1984.

All equipment and materials in the support area were surveyed and dispo-
sitioned according to the level of activity found. This included furniture,
sinks, light fixtures, and other office and laboratory equipment. Decontami-

nation of the suppor- areas was completed in Octlober 1984. Only material with
no detectable radioactivity was disposed of as conventional waste.
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Dispesal of the Nak in the glovebox atmospiere purifiers and NaK bubblers
required the installation of a special NaK disposal facility at the NMODF,
incorporating remnants of the facility utilities and liguid waste svstem. The
NaK bubblers were not only a problem because of chemical hazard of NaK hut
trace quantities of alpha materiils were present wnich requirea sti'ingen? con-
tainment. The NaK removal process involved a combination of evaporation of K
and Na at ~300°F, steaming, and finally, a water rins<. Following ¢ieaning,
the bubblers were surveyed to verify tnem as LSA waste and trans¢.-red %z the
RMOF for packaging and staging for shipment to a disposal site. The process
water generated during the removal of NaK from the bubblers was neutralized,
transferred to the RMDF, and evaporated; the residual solids were packaged and
staged for shipment to a disposal site. Removal and neutralization of the NaK
from the bubblers was accomplished in June 1986.

The removal of the liquid waste system required the removal of all drain
lines between the various sources, for exampie, 'aboratory sinks and shower
drains, and removal of the for process amd storage tanks and their associated
equipment. All components were packaged and disposit’cned as necessary. Com-
plete removal of the 1iquid waste holdup system was accomplished in May 1386.

The components of the high-volume exhaust system which were removed for dis-
posal as LSA waste include the hood in the glovebox room; all filters, dyct-
ing, and controls associated with the hauds and filters; and ducting and ¢un-
trols in the glovebox rocm and vauit. 7The high-volume exhaust system rem.val,
which was <he final step of the cecontamination effort, was accompiished in
August 1986.

The contaminated waste generated on this program were shown to be within
the requirements of low specific activity category with the exception of some
process equipment from inside the gloveboxes. This process equipment was
handled as TRU waste.
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1V, SURVEY SCOPE
A sampling inspection plan using variables, discusse. in the next sec-
tion, has been used to demonstrate that *he residual contamination in the

building is below the following Timits:

Alpha Beta*

Criteria (dpm/100 cm)
Total, averaged over 1 ml 100 10,000

Total, maximum over 100 cm<e 300 30,000

Removable over 100 cm? 20 2,000

. The acceptable beta contamination limits were derived from alpha contami-
nation iimits presented in Annex B of USNRC license SNM-2)1 for U-nat, U-23%,
U-~238, and associated decay products. The beta values are twice those of the
alpha limits vreported based on the two beta particles emitted from the decay
of Th-234, the first daughter of U-238, and Pa-234. The alpha limits cor-
respond with the license annex limits for transuranics.

For the sake of the NMDF analysis, the building was divided into three
sample areas: The office area and Rooms 128, 132, 133, and the air condition-
ing room (a1l unposted areas); the glovebox room (posted):; and Rooms 117, 118,
119, 120, 121, 122, 123, 124, 126, 129, and 130 (remaining posted areas).

For each of the three sampling lots, the office area (unposted), the
qlovebox room (posted), and the remaining posted areas, a minimum of an 11%
survey was conducted on the walls, floors, and ceilings. Figure 4 pictorially
shows the sampie lots. The samplinﬁ'inspection plan that was used is based
upon a uniforn 3-m2 grid superimposed on the inspection area. A 3—m2 grid
has zeen adopted to be consistent with guidance provided in NRC and State of
Californiy documents. The grid was superimposed on the wall, floor, and ceil~

ing of each room. Each survey area was identified in matrix notation with
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codes irdicating the surface (F = floor, C = ceiling, N, E, S, W= north,
east, south, weit, respectiveiv) and a two-figure Cartesian coordinate indi-
cating the distance in meters from a local benchmark. The (1,1) position for
the flowr wa: benchmurked as the northwest corner of the room; an identica)
grie vas reflected onto the ceiling. The (1,1) position of the walls was
bcwchmarked as the top left hand corner of the wall as an observer would view
it from the middle of the room. From each 3-m2 grid, a 1-m2
hﬂﬁtt.”l minimum 11% survey. £ach 1-m2 area was surveyed for 5 min and a

was surveyed;
100 ce® area was smeared for removable contamination.
A, DATA ACQU SITION

Within each 3-m2 grid, a single 1-m2 area was surveyed. Each area
was outlined by paint, with its coordinates marked beside the arra. The loca-
tion of the 1-m2 area was left to the surveyor's judgment. It was to be the
area, in his judgment, that was most Tikely to have retained the most residual
contamination of any similar area within the 3-m2 grid. The surveyor was
instructeo to do this conscientiously to assure that any significant residual
contamination would he detectsd before a report of acceptability was made to a
regulatory agency. The use of a predetermined grid with discretion for the
exact location provides a uniform survey biased toward the high end of the
distribution. Selection of the 1~m2 area out of the nine within each grid
squere provides an 11% sampiing. If a particular surface of a room was
smaller than 9 m2 (3m x 3m), : minimum of 1 m2 was surveyed for contamina-
tien; in many cases within the office area, where a wall measured typicully
) mz, ihe sampiing area wis 17%.

In orde= to determine thre leve) of effectiveness of the decontamination
effort, four radioloyical characteristics were measured for each mz; average
alpha surface activity, averige heta surface activity, removable alpha surface
activity, and ~emovable beta surface activity. An alpha probe and beta probe
were each connecried to Ludlum 2220-ESG sculers for these measurements.
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Measurements of the average alpha surface activity were made by use of a
large-diameter (9.6-cm) alpha scintillation detector, s.nsitive only to aipha
particles with energy exceeding about 1.5 MeV. This detector was calibrated
by use of a Pu-239 alpha cource. The energy of the Pu-239 aini@a particles
(5.1 Mev) is similar to that of the isotoper which are alpha emitters handled
at the NMDF; Pu-238, Pu-239, Pu-240, Pu-242, and U-238 (Lu).

Measurements of the average beta surface activity were made by ure of a
thin-window pancake heiger-Mueller tube. While this detector is eqba11y sen~
sitive to alpha and beta particles and slightly sensitive to X-and gamma-rays,
it *s so predominately used to measure beta-activity that it is generally
called a "beta-detector." This detector was calibrated by use of a T¢c-99 beta
source. The energy of the Tc-99 beta particle: (maximum 0.3 MeV) is close to
those from the U-238 daughters, Th-234 (maximum 0.2 MeV) and Pa-234 (max imum
0.5 MeV). The measuremerts were made over the same area as was used for each
measurement of average alpha surface activity.

Measurements of removable surface activity (alpha and beta) were made by
wiping approximately 100 cm2 of surface area, using a Nucon-type cloth disk
(NPO cloth sampiing smears 2 in. diameter). The activity on the disks was
measured using a thin-window gas<flow proportional counter, calibrated using
larger diameter Pu-239 and Tc-99 sources.

In order to facilitate the survey, the alpha and beta probes were con-
nected by a face p'ate such that the separation distance was no greater than a
couple of cm. Eac! m2 was surveyed using the assembly for 5 min; this cor-
responds to a transit velocity of approximately 3.3 cm/s. The ANS] draft
standard N13.12 states that the transit velocity (in cm/s) shall not exceed
one-third the numerical value of the detector window dimension (in cm) in the
direction of the scan. The diameter of the window is 10 cm, and therefore,
this transit velocity complies with the standard. The number of counts
registered by the instrument in a S-min scan were recorded by location. If a
contaminated spot was detected during the course of the "average scan" survey,
the location was identified; subsequentiy, a S5-min stationary survey of the
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location was conducted. The average surface activity of the mz. the maximum

surface activity of one spot located within the mz. and the removable activ~
ity of 100 cmz in the m2 were recorded,

In order to report the results in disintegrations/min per 100 cm2
(dpm/100 cmzm. conversion Tactors were appiied as follows. First, *natural
background”" was determined by measurements made in an area of the building
which was known to be uncontaminated. Second, an efficiency factor for the
survey instrument was calculated by comparing the number of counts recorded by
the irstrument to the number of diiintegrations yielded by a calibration
source. These determinations were made three times each day; ..rst thing in
the morning, at noon, an¢ just before guitting time in the evening. Thir«.
the correction factor for the area of the window was calculated in order t.

present results per 100 cmz.

Thus, for the surface contamination measurements of alpha and beta acfiv-
ity, data included the sample location, the total counts recorded in the S-min
scan, the maximum hot spot, natural background for 5 min, efficiency factor,
and the area factor. The same data was recorded for tie removable contamina-
tion measurements except for the area factor, which is not applicable for the
gas proportional detector since the sample size and check source size are very
nearly equivalent.

B. DATA REDUCTION

The data was entered into VISICALC, a spreadsheet software program on the
IBM PC. Columns were established to calculate the total, maximum, and remova-

ble contamination per 1-m2 in dpm/100 cmz. The standard error associated

with the measurement was also calculated.
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Room number

Grid location, example N(1,3)

Alpha total activity, averaged over 1 m? (counts in 5 min)
Alpha maximum activity for hot spot (counts in § min)

Alpha removable activity (counts in 5 min)

Beta total activity, averaged over 1 m? (counts in 5 min)
Beta maximum activity, averaged over i m2 (counts in § min)
Beta removable activity (counts in § min)

Alpha survey instrument background (5 min), efficiency factor
(dpm/cpm), and area factor

Alpha gas-proportional detector background (5 min) and
efficiency factor (dpm/cpm)

Beta survey instrument background (5 min), efficiency factor
(dpm/cpm), and area factor

Beta gas-proportional detector background (5 min) and
efficiency factor (dpm/cpm).

Alpha total activity averaged over 1 m? with standard
ceviation (dpm/100 cm?)

Alpha meximum activity and standard deviation (dpm/100 cm?)

Alpha removable activity and standard deviation
(dpm/100 cm?) it

Beta total activity averaged over 1 m? with standard
deviation (dpm/100 cm?)

Beta maximum activity and standard deviatior (dpm/100 cm?)

Beta removable activity and standard deviation
(dpm/100 cm?).
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The counts observed for the alpha and beta surface activity were con-
?
verted to dpm/10C cm” by:

SA = (C - B) E (100)
-—;—5 -%9 (Eq. 1)

surface activity (this is applied to either the average
or maximum activity)

where: SA

C = total count in 5 min

5 = count time, min

8 = background count in 5 min (generally 0-5 for alpha and
about 440-460 for beta)

£ = efficiency factor, dpm/cpm (averages about 4.4 for alpha
and about 4.3 for beta)

2

b

o

o
L

100 cm® standard area
A = probe sensitive area (7 cmz for Ludlum model 43-)
circuiar alpha scintillator;
20 ¢m? for Ludlum model 44-9 pancake G-M).
Note that the analysis is done using counts rather than count rates. The
standard error or deviation of the measurement in dpm/100 cmz is given by:

et : e (l%Q) (Eq. 2)
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The results of the smears counted by the gas-flow proportional counter

for the alpha and beta removable surface activity were converted to
dpm/100 cm® by:

SA = (C ~ B)(E) (Eq. 3)
5

where the appropriate alpha and beta background and efficiency factos were
used. Backgrounds are typicaliy 0-2 counts for alpha and 120-150 counts for
beta in a 5-min time period. Efficiency factors are about 3.5 for alpha and
3.9 for beta. Theoretical standard deviations were also calculated.

Software was developed to read the data output from the Visicale file
into a graphics utility which plots the activity (dpm/100 cmz) against the
Gaussian cumulative distribution function (cdf) on a probability scale. For
convenience, the distribution function, F(x), is plotted as the abscissa
(probability grades), and x, the activity, is plotted as the ordinate (1inear
grades). The Gaussian function plotted in the following section takes on the

shape of a straight line due to the orientation of the axes and the nonlinear
x=axis.

C. DATA ANALYSIS

From the plut ot activity vs. cumulative probability, the mean contamina-
tion value of the lot is the value on the ordinate axis where the distribution
intersects the 50% cumulative probability. The figures display the results on
an expanded scale so that the variations in the data can be seen in detail.
The distribution is analyzed in terms of samp:ing inspection, "inspection by
variables.". The test is satisfied if the Gaussian straight line (clearly
visible in the figure) passes below the intersection of the upper limit U on
the y axis and 93% cumulative probability. In most cases, however, the upper

1imit is off scale on the graphs presented; the area is well below contamina-
tion limits.
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The test statistic x + ks 1s compared to the acceptance limit U, where:

X = average (arithmetic mean of measured values)
s = observed sample standard deviation

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

U = acceptance limit.

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 B and LTPD,
KB = Kz = 1,282. The number of samples is n. Values of k for each sample
size are calculated in accordance with the following equations:

" [, B K2 k2
K = b BfS e | ' A wYe Wik S ' N e KZ L (Eq. 4)
a 2 (n=1) 2 n

where

k = tolerance factor

Kz = The normal deviate exceeded with probability of B, 0.10.
(from tables, K = 1,282)

KB = The normal deviate ex-eeded with probability equal to the LTPD,
10% (from tables, K = 1.282)
number of samples

>
"

The criteria for acceptance are presented as 2 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. (If any
single measured value exceeds BO% of the 1imit, decontaminate
that location to as near background as is possible, but do
not change the value in the analysis.)
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2) Collect additional measurements: If the test statistic
(x+ks) is greate: than the limit (U), but x itself 1s less
than U, independently resample and combine all measured
values to determine if x+ks < = U for the combined set; if

S0, accept the region 2s clean. If not, reject the ragion.

3)  Rejection: If the test statistic (x+ks) is greater than the
Timit (U) and x > = U, reject the region.

In addition to the formal survey measurements made for computerized data
reduction, search and survey techniques were conducted throughout the building
on special structural features and components where contamination might have
deposited. Appiicable correction factc 's were used to convert the counts
recorded into meaningful data units (dpm/100 cmz). If the area being

measured was contaminated to a level which was 80% of the acceptance limit,
the result was recorded and the area decontaminated to ALARA principles.
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V. SAMPLING INSPECTION

A. COUNTING STATISTICS

The emission of atomic and nuclear radiation obeys the rules of quantum
theory. As a result of this, one can only determine. the probability that an
emission will occur. 1f one attempts to measure the number of particles emit-~
ted by a radioactive source, that number is not constant in time; it has a
statistical variation because of the probebilistic nature of the phenomenon
under study. The number of particles emitted per unit time is different for
successive units of time. Therefore, one can only determine the average num-
ber of particles emitted per unit time and per unit area. Because of the
probabilistic nature of particies emitted by radiocactive elements, repeated
measurements of the average number of emissions per unit time will show &
distribution approximated by the Gaussian (or normal) probability density
function (pdf). If measurements are made at many similar locations, these
measurements will generally show a somewhat greater variability, but the
distribution will remain adequately represented by a Gaussian function. Thus
the number of occurrences of particular contamination values, f(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 level of residual contamination in the
building.

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

1 )
P(X)UR o comthmmme gup [ . ]dx
(V[E;)o 2 02
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where

\
|
J
:
i
g(x)dx = probability that the value of x, the measured vilue, lies |
between x and x + Ax ‘

m = Average or mean of the distribution
o = Variance of the distribution. |
|
\
!
\
:

A graph of g(x) vs x gives the following bell-shaped curve:

—
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Figure 6. The Gaussian Probability Density Function

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

X
G(X) = -1.g(x)dx

= P(x < =X)

This function is commonly referred to as the error function, (erf). The graph
of the Gaussian cdf is:
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Figure 7. The Gaussian Cumulative Distribution Function

If x is the survey measurement (in the case of radiation measurements, the
number of counts), the standard deviation of the measurement is the square
root of x. Background radiation must also be considered to calculate the net
number of counts. Thus, the error, or standard deviation associated with the
measurement, becomes:

s » Vet : 8’ (Eq. 5)

where

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

B = The number of counts recorded in time, T, of the background radiation
environment

T = Time of count, assumes the sample count time is equal to the back-
ground count time. i

Finally, corrections must be made for instrumentation parameters including
geometry and efficiency.
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B. SAMPLING INSPECTION BY VARIABLES

heceptance inspection by variables is a method of judging whether a lot
of itens is of acceptable quality by examining a sample from the lot, or popu-
lation. In the case of determining alpha contamination in the NMDF, it would
be unacceptably time cnnsuming and not cost effective to measure and document
100% of the building. However, by applying sampling inspection by variables
methods, the confidence of the conclusion made about the level of contamina-
tion 15 not sacrificed due to the decrease in number of sampling locations.

In acceptance inspection by attributes, the radiation measurement in a
given area is recorded numerically and classified as either being defective or
nongefective, according to -egulatory 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 1at to be considered acceptable. In accept-
ance inspection by variables, the result is recorded numerically and is not
treated simply as a bnolean statistic, so fewer areas need to be inspected for
a given degree of confidence in judging a lot's acceptability.

The test statistic, X + ks ig compared to the acceptance 1imit U, where:

= average (arithmetic mean of measured values)

observed sample standard deviation

= tolerance factor caiculated from the number of sampies to achieve the
desired sensitivity for the test

U = acceptance 1imit,

x o x|
"
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The sample mean, standard deviation, and acceptance limit are easily cal-
culable quantities; the value of k, the tolerance factor, bears further dis-
cussion. 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 defined as the poorest quality in an individual lot that should be
accepted. Associated with the LTPD is a parameter referred to as consumer's
risk (B8), the risk of accepting a lot of quality equal to the LTPD. USNRC
Regulatory Guide 6.6 states that the value for the consumer's risk should be
0.10. Conventionally, the value assigned to the LTPD has been 10%. These a
priori determinations are consistent with the literature and regulatory posi-
tion and are the same values used by the State of California.(z) Thus,
based on sampling inspection »are willing to accept the hypothesis that the
probability of accepting a lot as not being contaminated which is in fact 10%
defective is 0.10. The value of k, which is a function of the a priori deter-
minations made for B and LTPD is given by Equation 4 in the previous section.

Figure 8 demonstrates this principle. The operating characteristics
curve of a Gaussian sample distribution shows the principles of consumer's and
producer's risk, in additiun to LTPD and the acceptable quality level. The
criteria for acceptance of a lot are presented in Section 1V.

The coefficients Kz and KB are equal because of the choice for the
values of B and LTPD as 0.10. Statistics textbooks listed in the reference
section (5-7) provide additional explanation of this sampling principle. The
a priori values chosen for the sampling coefficients are consistent with
industrial sampling practice znd regulatory guides.
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VI. PROCEDURES

The following precedures were used in performing this survey. (Reference
supporting document, N7040WP990084, “Final Radiological Survey Detailed Work
Procedure").

A.  CALIBRATION AND INSTRUMENT CHECKS

Instrument qualification data sheets were recorded for cach background
and source check. Instruments used for the final survey were calibrated and
checked a minimum of every morning, noon, and evening for the duration of the
project as follows.

Portakble Survey Instruments (Ludlum 2220-ESG Scalers):

1) Turn the instrument 'ON' and allow to warm up for 5 min.
2) Check high voltage (700-750 V alpha, 800-950 V beta).
3) Check threshold (140-190 aipha, 250-350 beta).

4) Window in/out switch is set to out.

S, Check battery (greater than 500).

6) Set range selector to 1, response to fast, and count time to
5 min.

7) Take and record a 5-min background count in an uncontaminated
area which typifies the area to be surveyed.

8) Take and record a 5-min count of known alpha and beta stand-
ards; an electroplated Pu-239 and electroplated Tc-99 source,
respectively. The efficiency factor (dpm/cpm) is calculated
as the ratio of 2 times the 2« emission rate of the source
(dpm) to the net count rate of the instrument. The radio-
activity of the calibration sources is traceable tc NBS.
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Calculate the area of the end window and record value. (This
is performed only once for each probe type.).

Gas-flow Proportional:

1)
2)

3)

Equipment is to be left in the 'ON’ position at all times.

Using uncontaminated planchets, take four 5-min background
counts.

Take and record 5-min counts of known alpha and beta stand-
ards; 2-in. Pu-239 and Tc-99 sources, respectively. Calcu-
late efficiency factors accordingly.

Average the Daily Results:

Calculate the average background and efficiency factor of each
instrument for morning and afternoon. The morning value should be
the average of the 7:00 a.m. and 11:30 a.m. measurements: the
afternoon value should be the average of the 11:30 a.m. and

16:00 p.m. measurements.

B.  AVERAGE CONTAMINATION MEASUREMENTS

1)

2)

3)

4)

Identify 1-m¢ area to be measured: 1 mé per 9 me sur~

face should be surveyed to be consistent with a minimum 11%
sampling plan.

With portable scalar instrumentation (Ludlum 2220-ESG) set
for 5-min count time, using an alpha probe (Lud)um

Model 43-1) on one instrument and a beta probe (Ludlum 44-9)
on another, uniformly scan the area. (Watch and iisten for
“hot spots" where radioactivity may exceed the averaye
Timit. These are to be resurveyed later.)

Record the location, total count, background, efficiency
factor, area factor, and date/time.

Enter the data into Visicalc spreadsheet.
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C.  MAXIMUM CONTAMINATION MEASUREMENT

1)
2)

3)

4)

Return to any area identified as having a *hot spot.*

Repeat the uniform scan of only the hot spot area, covering
approximately 100 cm? with the probe.

Record the location, total count, background, efficiency
factor, area factor, date/time, and maximum contamination
value.

Enter the data into Visicalc spreadsheet.

0.  REMOVABLE CONTAMINATION MEASUREMENTS

1)

2)

3)

4)

5)

Using an NPO 2-in.-diam cloth swipe, wipe an "S* pattern,
with legs approximately 6 in. long, so as to sample removable
contamination from an area of approximately 100 cm2 within
the 1-m2 grids identified and sampled with the survey

meters.

Place smear in envelope kit and record the location of the
sample grid on the envelope. Save uncil ready for counting.

Count radioactivity using gas-flow proportional counter (NMC
Model ACS-~77) for 5 min.

Record the location, total alpha and beta counts, background,
and efficiency factors for each.

tnter the data into Visicalc spreadsheet.

E.  MISCELLANEOUS GAMMA QUALIFICATION INSPECTION

1)

2)

As necessary, collect various samples of debris, dirt, and
other material which indicate detectable alpha activity.
Because Pu and DU were the only radioactive materials handled
at the faciiity, 1t ', desirable to qualify the measurement.

Place the sample in the calibrated high-purity germanium
(HPGe) detector and use the multichanne] analyzer to qualify
the radioactive material.
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F.  SURVEYS OF SPECIAL STRUCTURAL FEATURES AND COMPONENTS

1)

2)

3)

Using a Ludlum Model 12 count rate meter in connection with a
Ludlum Mode) 43-5 rectangular alpha scintillation probe, sur-
vey various building features and components which are sus-
pect of containing residual contamination.

Perform an instrument calibration check three times daily
using the Pu-239 source mentioned above.

Ensure tnat the transit velocity (in cm/s) does not exceed
one~third the numerical value of the detector window dimen-
sion (in cm), in the direction paralle) to the motion of the
probe.



No.:  N704SRR990027
Page: 37

VII. SURVEY RESULTS

A.  STATISTICAL RESULTS

The survey of the NMDF was conducted using the survey plan previously
described. A summary of the survey results appcar below in Tables 1 through 3
for each of the inspection lots. The results used in the mathematical statis-
tical analysis are shown in Appendix A.

TABLE 1

SUMMARY OF SURVEY RESULTS
(Office Area and Other Unposted Areas)

(dpm/100 cm®)

Inspection
Number of Average Maximum Test
Measurement Location Value Value Statistic Limit
Average alpha 141 2.6 14 8.1 100
Maximum alpha 0 - - - 300
Removable alpha 141 0.3 4 23 20
Averace beta 141 54.3 1065 744 .2 10000
Maximum beta 0 - - - 30000
Removable beta 141 5.2 34 19.2 2000
TABLE 2
SUMMARY OF SURVEY RESULTS
(Glovebox Room)
(dpm/100 cmz)
oy Inspection
Number of Average Maximum Test
Measurement Location Value Value Statistic Limit
Average alpha 202 1.1 94 23.6 100
Maximum alpha " - 1067 - 300
Removable alpha 202 0.% 1M 2.4 20
Average beta 202 364.5 1361 1156.8 10000
Maximum beta 0 30000

Remova e beta 202 5.1 36 20.5 2000
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TABLE 3

SUMMARY OF SURVEY RESULTS
(Posted Areas)

(dpm/100 cm®)

Inspection
Number of Average Maximum Test
Measurement Location Vaiue Value Statistic Limit
Average alpha 201 $.7 140 26.7 100
Maximum alpha 1 - 10465 - 300
Removable alpha 20N 0.4 15 2.4 20
Average beta 201 183.9 143) 978.6 10000
Maximum beta 9 - 41664 - 30000
Removable beta 201 3.4 28 18.6 2000

Because the number of hot spots discovered were few in number, the aver-
age value and inspection test statistic were not calculated; both values are
meaningless. Table 4, however, 1ists the hot spot locations and corresponding
Tevels of contamination. The hot spots found were smaller in area than the
detector end window, thus the reported value is greater by a factor of 1.4 for
alpha and 5 for beta such that the measurement result is extrapolated to an

area equal to 100 cmz.

In all cases where contamination was determined to be 80% of the accept~
ance 1imits, the area was decontaminated to activity levels below the instru-
ment detection limit. From the smears taken during the survey, no removable
activity was found throughout the building.

The survey data for each test characteristic are displayed as cumulative
distribution functions in Figures 9'fhrough 20. These figures show each sur-
vey value, arranged in order of magnitude from left to right, and a straight
line representing the derived Gaussian distribution. In most cases the
acceptance 1imit is substantially above the top edge of the graph; the graph
is bounded in the positive y direction by the greatest measurement taken for
that lot. The mean of each distribution is that value on the ordinate which
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MAXIMUM SURFACE ACTIVITY
(Hot Spots)
(dpm/100 cm?)

Location Alpha Beta Comment
127 £5,14 239 0 Orig. survey, paint sampled
127 £5,13 598 0 Add'1 survey, paint removed
127 E5,15 1067 0 Add'1 survey, paint removed
127 €5,16 140 0 Add'1 survey, paint removed
121 84 87 0 Beam, contamination removed
127 81,8 102 0 Beam, contamination removed
127 82510 58 0 Beam, contamination removed
127 B3NG 79 0 Beam, contamination removed
127 B3S16 29 0 Beam, contamination removed
127 BAN1S 118 0 Beam, contamination removed
127 BASH 146 0 Beam, contamination removed
126 F3,4 10465 1 Cleaned to NDA, add'l surveys
130 F7,2 236 2 Cleaned to NDA, add'l surveys
129 51,2 0 1230 Cleaned to NDA
VAULT F1,3 42 0 Cleaned to NDA, add'l surveys
VAULT F5,3 0 41664 Cleaned to NDA, add') surveys
HOLDUP F4,3 92 0 Surveyed add'1 locations
HOLDUP F6,5 199 1826 Surveyed add'l locations
HOLDUP F1,3 23 0 Surveyed add'l locations
HOLDUP F4,1 68 1742 Surveyed add'1l locations
HOLDUP F4,2 94 1247 Surveyed add')l locations
HOLDUP F3,3 49 1333 Surveyed add'1l locations
HOLDUP F3,4 113 882 Surveyed add'1 locations
HOLDUP F5,2 158 1333 Surveyed add'l locations

NDA: No Detectable Activity
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corresponds to a 50% cumulative probability of the abcissa. One, two, and
three standard deviations above the mean corresponds to 654%, 97.7%, and 99.8%
cumulative probability, respectively. The value of k used in the inspection
test is very nearly 1.5 for each case; thus, the “k* 1ine will run perpendicu-
lar to the abcissa corresponding to about a 93.3% cumulative probabiiity. The
Gaussian distribution 1ine must pass below the intersection of the "k* line
(about 93%) and the horizontal line showing the acceptance limit at that point
in order to accept the lot as being noncontaminated. For &11 survey result
characteristics, the test statistic, X + ks, is well below the acceptance
limit, U. The results summarized in these tables and graphs confirm that al)
areas are acceptable for release for unrestricted use at the present time.

Many times, because of the conservative action level we maintained (80%
of the acceptance level), additional samp’es were taken. Areas of increased
sampling are discussed in the following subsection, B. Additionally, various
components and special features of the building were qualitatively surveyed to
determine possible contamination problems in areas beyond the 1-m2 grids
surveyed for statistical analysis. Concurrent with the final survey, addi-
tionai decontamination was performed. Finally, interesting anomalies were
identified during the course of the final survey; these occurrences are
described in Subsection E.

B. AREAS OF INCREASED SAMPLING

Sampling was increased abtove 11% in several areas of the building f
either a square-meter gi'id was found to be contaminated to values excceding
BO% of the acceptance limits or if a particular section of the building was
known to have experienced a contamination incident. Sampling was increased in
two areas of the building which were suspect of containing residual contamina-
tion from contamination incidents: fourteen additional floor samples were
collected near the east wall of the glovebox room where “he g ovebox overpres-
surization incident took place; five additional floor samples were collected
in the vicinity of the location of the vacuum pump, where a seal leaked 01
and released contamination. The samples -ollected above were ro* taken as a
result of a positive indication of contamination. A1l 19 sample:s were
included in the statistical analysis; no detectable activity was found.
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On the other hand, additional sampling was performed in six separate

location due to contaminatior results exceeding 80% of the acceptance

criteria.

summarized in Table 5.

TABLE 5

The additional action taken upon discovery of the contamination is

ADDITIONAL SAMPLING LOCATIONS

Location

Contamination
Level 2
(dpm/100 ¢cm™)

Additional
Measurements

Results

Rm 130 F7,2

HOLOUF
F6,5

Rm 127 E5,14

Rm 126 F3,4

VAULT F1,3

F5,3

236 alpha max

49 alpha avg.
197 alpha max

83 alpha avg.
239 alpha max

140 alpha avg.

10465 alpha max

16 alpha avg.
42 alpha max
41664 beta max

F8,2 F7,1 F6,3

F4,1 F4,2 F3,3
F3,4 F5,2

£5.13 £5,15
E5,1% E5,9

£5,11 B4,
£4,17 €5,17
£3,15 €4,14
£3,13 £2,16
£2.12 £2,13

100% survey
of floor

100% survey
of floor

No hot spots found
avg. alpha = 20

Activity fairly uniform at
about 50 alpha ave. and up
to 158 alyha max

Contamination determined to
be localized to the bottom
grid, south of the exit door
and north of the support
beam. Area was cleaned.

See Figure 21 for results

See Figure 22 for results

Note:

Rafer to Appendix B for specific values of contamination.

In all cases, the additional samples collected demcnstrate that the con-
tamination (most of it below acceptance criteria) was fairly localized to the
As mentioned earlier, all areas determined to be contaminated

immediate area.

to a level equal to or exceeding 80% of the acceptance limit were decontami-

nated to levels below the instrument lower limit of detection.

The only grid

areas with residual contamination above the acceptance limit were localized
hot spots on the floor of Room 126, on the east wall of Room 127, and on the
floor of the vault.
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N
]
I
Result 5
Fl,1 [ Fl,2 r,? Location (dpm/100¢m*“)
© 3 1 42 alpha
2 42 alpha
F2,1 E§> 3 2250 beta
4 2025 beta
5 2250 beta
6 30 alpha
3,1 | 7 2250 beta
@> 8 1800 beta
® a 9 2025 beta
10 2025 beta
F4,] ! @ a—coo& 30 alpha
e s
FS5,1 .
ol
FG'I 3 4
FIGURE 22, SURVEY RESULTS OF THE VAULT 100% FLOOR SURVEY
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C. RESULTS FOR SPECIAL STRUCTURAL FEATURES AND COMPONENTS

During the course of the formal final survey, the surveyors determined
special features and components to qualitatively survey with the Ludlum

Mode] 43-5 alpha scintillator in conjunction with the Ludlum Model 12 count
rate meter. G-M probes were not considered appropriate because no beta con-
tamination had been detected during the cour:e of the final survey, except for
the floor of the vault. Table & summarizes the features surveyed and the
results of the survev. NDA is conveniently used to designate areas of No
Detectable Activity. The contamination leve? is presented in cpm. The area
factor for a planar surface is about 1.3; however, most of the objects sur-
veyed were geometrically disproportionate and only came in contact with about
10% or less of the end window. The phenomenon creates two problems when try-
ing to estimate the amount of activity deposited on the surface in

dpm/100 cmz; first, chances are the alpha particle is depositing all of its
energy in air before it reaches the detector; second, the geometry factor
applied as the conversion factor is grossly approximated based on the
surveyor's judgment. Thus, we use the concept of a qualitative survey; if we
observe more than 5 or &6 cpm on the instrument, we conclude that contamination
exists on the object, but most likely below acceptance 1imits. The efficiency'
factor of the instrument is about 7 for Pu-239 alpha particles. A1l contami-
nated objects are cleaned and resurveyed. A1l findings are reported before
further decontamination was performed.

Of the various components and features surveyed, only three major areas
were found as containing observable contamination levels: the fire extin-
guisher mount on the east wail of Room 127, the unpainted tops of the sprink-
ler pipes in Room 127, and the beams .in Room 127. Remaining identifiable
contaminated areas were cleaned and resurveyed to ensure a complete decontami-
nation of the premises.
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TABLE 6

SUMMARY OF VARIOUS EQUIPMENT AND FEATURES SURVEYED FOR CONTAMINATION
(Sheet 1 of 3)

Alpha
Contamination
Level
Location (cpm)
The office area which includes Rooms 101, 102, 103, 104,
105, 106, 107, 108, 109, 110, 111, 112, 114, 116, front
hall, and security. Surveyed tops of doors. door handles,
corners of rooms, parts of the baseboards/floor, and
electrical outlets. NDA
102 - 2 (ea) 1-in., x 8-in. x 24-in. boards NDA
104 - ledges of plastic partitions, telephone service
panel, cioset, entry and exit passageways NDA
108 -~ wood cover mounted on west wall NDA
109 - sink, floor area of sink, cleaning supply shelves,
top and under hot water heater NDA
111 - sink, shelf, floor drain NDA
112 = "1" beam on west wall NDA
116 ~ two doors and 100% baseboard survey NDA
Front Hall - Tedges, door facings, electrical panels NDA
128 - top, bottsm sides of miscellaneous equipment,
electrical control panels, meters, water pump,
valves, holes in walls, cracks in floor, ducting,
tubing, removed section of fiberglass from inside of
a/c exhaust duct for gamma spectroscopy NDA
132 - horizontal surfaces of EDG, top of batteries and
pipes, fire extinguisher bracket, junction boxes,
door threshold NDA
133 - holes in wall, conduit seals, top of transformer
housings, fire alarm boxes, switch boxes, door and
threshold, top of buss units NDA
A/C - spot checked floor; walls; c~*"ing; top, bottom,
and sides of a/c equipment; air intake; door NDA
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TABLE 6

SUMMARY OF VARIOUS EQUIPMENT AND FEATURES SURVEYED FOR CONTAMINATION
(Sheet 2 of 3)

Alpha
Contamination
Level
Location (cpm)
117 -~ tovel and soap dispensers, plumbing stools, sinks,
trash can, miscellaneous floor and wall locations NDA
118 - instrument shelves, magnahelic unit, electrical
outiets, plumbing, entry to shower, 100% baseboard NDA
119 - overhead pipes, a/c supply duct, metal plate on
floor, 100% baseboard survey NDA
120 -~ door and door kickplate, electrical outlet, 100%
baseboard survey NDA
121, 122, 123, 124 - 100% baseboard survey, various floor
and wall locations, electrical
control box NDA
126 - overhead pipes, beams, electrical conduit and
junction box, a/c inlet, 100% baseboard survey NDA
BH -~ electrical panel, fire alarm box, fire extinguisher
rack, 100% baseboard survey NDA
MEZRM - pipe, edge of beam, top of a/c¢ ducting NDA
130 - light fixtures, all upper horizontal surfaces,
beams, pipes, top of doors to high bay, floor
cracks, thresholds, door handles, 100% baseboard NDA
survey
129 - facility exhaust stack, louvers to biowers NDA
louvers to outside 10-30
threshold, inside pipe to roof, cutouts in north
wall, 100% baseboard survey NDA
vault - east wall south port 40
ledje above door, round port above door, north
squar2 port and round ports, 100% baseboard NDA
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TABLE 6

SUMMARY OF VARIOUS EQUIPMENT AND FEATURES SURVEYED FOR CONTAMINATION
(Sheet 3 of 3)

Alpha
Contamination
Level
Location (cpm)
ExitE - entrance door threshold 4
exit door threshold 4
porch 10-12
door jamb 6
ExitW - horizontal surfaces, door window ledges, handles,
top of sprinkler, thresholds NDA
HOLDUP - top of rails, ladder rungs, bottom of gauge rack,
drain sump in pit, wall studs in pit NDA
127 - beams 2, 3, and 4 (numbered from the north wall)’ 20-30
top of fire extinguishers, exit door locks 8
top of vault door 20
east wall fire extinguisher mounting board 6
baseboard on east wal)l at meter 14 60
baseboard on east wall at meter 15 21
baseboard on west wall, meter 10-16 7

Concurrent with the final survey, al) flooring in the posted area was
removed, the fire extinguishers and the mounts located in the glovebox room
were removed, the fire protection sprinkler system in the glovebox reom was
removed, the beams in the glovebox room were scrubbed, lights were removed
from Room 130, paint was removed from the east wall of the glovebox room, and
the east emergency exit door was scrubbed. A1l ventilation components sur-
veyed during the decontamination effort were found to be clean. In addition,
the stack plenum is clean.

During periods of rain, water samples were collected from around the
building and analyzed for Am-24)1 in a gamma spectrometer. The soil around the
removed drain lines was analyzed previously and found to be well below release
criteria of 25 pCi/g of Pu.(g) A1l water samples contain no Am-241.
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D. ANOMALIES

This section briefly describes the natural radiological phenomencn and
miscellaneous limitations which have impacted the data reduction and analysis
methods used in the final survey.

Because the range of alpha particles is so short, the instrument back-
ground for detecting the presence of alpha particles is typically very low, on
the order of no more than 2 counts per minute. However, under certain
atmospheric conditions (i.e., when a building is locked tight for the night),
radon tends to build up within the building. Ouring the finai survey, an
increase in natural alpha background was observed in the morning for a period
of a couple of hours, until the building could be opened up and allowed to air
out. The activity tended to collect more towards the ceiling of the glovebox
room. Furthermore, the “natural® background of alpha radiation will be
increased by natural activity, such as Th-232 in shower tile located in
Room 119. During the survey, we noticed a substantial increase in the alpha
count rate when placed directly over the shower tile. A tile sample was taken
and analyzed in a gamma spectrometer. The results showed conclusively the
presence of Ac-228, a daughter of Th-232. The tile was not removed, and the
data was not used in the analysis.

In the case of the outside intake louvers on the exhaust stack, an
increase in activity was observed. This phenomenon is to be expected due to
the large flow rates of bypass achieved through the damper assembly. Insofar
as the distribution of low-level al'pha activity is present on this equipment,
we can only conclude that it is due to the natural environmenta) radioactivity.

A few difficulties in the survey were experienced. The entrance ways to
Rooms 128, 132, and 133 are standard 7.5-ft doors, and the man--11ft could not
be moved into these rooms. The ceilings in each of these rooms is 16 ft. The
top two meters and the ceilings were not surveyed in these rooms. Because
these areas were unposted and since no radioactivity was found, it is felt
that this omission did not significantly affect the results of the analysis.
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In regard to the hot spct problems observed on the east wall of the glovebox
room, paint samples were taken and analyzed on a gamma spectrometer to deter-
mine the amount of Am-241 in the sample. Several additiona) Surveys were per-
formed in the area to determine the extent of the contamination and whether
the first or second coat of paint was contamirated. Evidently, the glovebox
room was painted in about 1974, after the glovebox overpressurization inci-
dent. The paint condition at the present is very spotty due to excessive
peeling from the concrete sweating phenomenon; in many places there is no
paint, one coat, and two coats. Consequently, the entire area was surveyed
(approximately 16 mz) and detectable activity exceeding 80% of the
acceptance criteria was removed.
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VIII. CONCLUSIONS

An appropriate survey has been conducted throughout the area .o be
released. Although a few localized hot spots were detected, the results of
this survey show statistically that no residual contaminaion remains in the
area and demonstrate a negligible risk of there being any undetected contami-
nation exceeding the acceptance limits. With the concurrence of the U.S.
Nuclear Regulatory Commission, the farility license will be voluntarily termi-

nated and the area will be released for unrestricted use.
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APPENDIX A
SAMPLING INSPECTION DATA GROUPED BY LOT

The 1inspection data was entered into Visicalc, a spreadsheet program
which runs on the IBM PC. The output of the Visicalc program gives the data
which follows in three lots: one for the lot located in the unposted areas
(office area, Rooms 128, 132, 133, Security, and the air conditioning room);
one for the glovebox room; and one for the remaining posted areas in addition
to the liquid waste holdup platform located outside the building.

The grid locations are identified in @®atrix notation by room;
measurements were made on the floor (F), ceiling (C), north wall (N), east
wall (E), south wall (S), and west wall (W). The beams in the glovebox room
(127) were surveyed, identified by (B) (beam number) (south or north) (grid
location), for example B1S9. A few of the room number identifiers bear
further explanation:

FH - front hall (unposted);
SEC - security building;
A/C - air conditioning room located above Room 126. Accessible

only from outside;
VAULT =~ storage vault adjacent to the glovebox room;

BH - back hall, connecting Rooms 120, 121, 122, 123, 124, 126,
and 127;

MEZRM - a small room accessible from the mezzanine;
EXITW =~ the west emergency exit from the glovebox room;

EXITE - the east emergency exit from the glovebox room;

The 1iquid waste holdup tanks cement slab located 6uts1de
of the building.

HOLOUP

The output shows the alpha and beta total average contamination per

square meter, maximum in one square meter, and removable in one square meter;
the standard deviations of the measurement are also calculated.

No.:  N704SRR990027
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GUIDELINES FOR DECONTAMINATION OF FACILITIES AND EQUIPMENT

PRIOR TC KELEASE FOR UNRESTRICTED USE
OR TERMIMATION OF LICENSES FOR BYPRODUCT, SOURCE,
OR SPECIAL NUCLEAR MATERIAL

U.S. Nuclear Regulatory Commission
Division of Industrial and

Medical Nuclear Safety
Washington, DC 20555

August 1987




The instructions in this guide, in conjunction with Table 1, specify the
radionuclides and radiation exposure rate limits which should be used in
decontamination and survey of surfaces or premises and equipment prior to
abandonment or release for unrestricted use. The limits in Table 1 do not
apply to premises, equipment, or scrap containing induced radioactivity for
which the radiological considerations pertinent to their use may be different.
The release of such facilities or items from regulatory control is considered
on a case-by-case basis.

1. The licensee shall make a reasonable effort to eliminate residual
contamination,

2. Radioactivity on equipment or surfaces shall not be covered by paint,
plating, or other covering material unless contamination levels, as
determined by a survey and documented, are below the limits specified
in Table 1 prior to the application of the covering. A reasonable effort
must be made to minimize the contamination prior to use of any covering.

3. The radioactivity on the interior surfaces of pipes, drain iines, or
ductwork shall be determined by making measurements at all traps, and
other appropriate access points, provided that contamination at these
locations is likely to be representative of contamination on the interior
of the pipes, drain 1ines, or ductwork. Surfaces of premises, equipment,
or scrap which are likely to be contaminated but are of such size,
construction, or location as to make the surface inaccessible for purposes
of measurement shall be presumed to be contaminated in excess of the limits.

4., Upon request, the Commission may authorize a licensee to relinquish
possession or control of premises, equipment, or scrap having surfaces
contaminated with materials in excess of the 1imits specified. This may
include, but would not be limited to, special circumstances such as razing
of buildings, transfer of premises to another organization continuing work
with radioactive materials, or conversion of facilities to a long-term
storage or standby status. Such requests must:

a. Provide detailed, specific information describing the premises,
equipment or scrap, radioactive contaminants, and the nature, extent,
and degree of residual surface contamination.

b. Provide a detailed health and safety analysis which reflects that the
residual amounts of materials on surface areas, together with other
considerations such as prospective use of the premises, equipment, or
scrap, are unlikely to result in an unreasonable risk to the health and
safety of the public.



Prior to release of premises for unrestricted use, the licensee shall

make a comprehensive radiation survey which establishes that contamination
is within the 1imits specified in Table 1. A copy of the survey report
shall be filed with the Division of Industrial and Medical Nuclear Safety,
U. S. Nuclear Regulatory Commission, Washington, DC 20555, and also the
Administrator of the NRC Regional Office having jurisdiction. The report
should be filed at least 30 days prior to the planned date of abandonment.
The survey report shall:

a. ldentify the premises.

b. Show that reasonable effort has Leen made to eliminate residual
contamination.

c. Describe the scope of the survey and general procedures followed.

d. State the findings of the survey in units cpecified in the
instruction.

Following review of the report, the NRC will consider visiting the
facilities to confirm the survey.
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