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FOREWORD

This is the second and, final report on cold. weather
radiological decontamination. The first-.report was "Cold Weather
Decontamination Study -Mcdoy I") NDIt-.TR -24.

Thd work -was authorized under Army fund.ed Project
4X12-O1-O0l-02, Deacntaminatioli (U), with equal funding fuinished
by the U,.9- Navy Bureau of Yards and Docks. .The work was started
in December 1961 and-was completed in February 1962.
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* DIGEST'

Experiments were conducted.to collate data pertinent to
radiological decontamination under cold-weather conditions. o that' the necessary data would be available for publication-of a ýold-.

'weather addendum to the Departments of the. Army and Navy te hnical -

* manual TM 3-225 (NAVDOCKS TP-.PL-13),'Radiological Recoverrof Fixed

A series of fallout decontasnation tests was conducted in
the temperature range of -iL0O-to +32 F at Camp McCoy, Wisconsin, on
appropriate winter surfaces using maintenance, snow-removal, and,&fire-
fighting equipment. Following this, a contingent of 24 troops decon-

taminated a 35--acre living quarters complex as a logistic exercise.
Tests were also conducted on the migration of fallout deposited on
ice and snow, and the shielding effects of. ice and snow. cover. .

Proper weather condtLiins were experienced at the test site

and the following findings w~rel:made:

(1) Decontamination of hard surfaces by sweeping and hosing.
under cold weather.. conditions were of comparable effectiveness to
temperate weather conditions.

•2) Decontamination of snow required removal by plowing,
grading, scraping, or hosing, Packed snow could also be sweat
effectively.

(3) Roofs were best decontaminat,ed.,by sweeping with brooms.
The use,.oý fire hoses was of marginal effectiveness.

(4) A 3*-acre living q.aarters complex can be. decontaminated -
80% by a 24-man team which would receive :ýsj than a 5 r dose'after a
two-week waiting period under the fallout conditions of 2000 r/hr at H÷I.

Migration of fallout. in ice and snow was restricted to a
few inches..,vertically and a few feet horizontally under the weather con-

' . ditions experienced.at the site.

I "\ . '

MILITARY ,APPLICATION

The available decontamination technical manuals, TM 3-,220
and TM-3-225, are inadequate for planning radiological counterm.'asures
under cold-weather conditions, This report covers the FY-62 cfi'ort to
obtain information to. correct this deficiency. . .

• -,. ... . ..... .[ _. .. .L h . . . . . .. . ... . .: .. . . L.. . . . .3 '. - .. .* ....... . . -
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-COLD WEATHM-DECONTAMINAION 8TVDY - MCCOY 11

I. IN~TRODUCTION.

1.1 9becive.

The -obj~ective of th±is prdject was to conduct experiments and,
* collate dateL per-tinent. -to radiologicav1 deotamia"~ o~~r cold-weather_

con'aItiohs so that te aeoesazy data would be available f or publication
of a coJld-Vteather addendum to the Departments ofý'thi Army andl.NVY
technical manua4 TM'3-225 (NAVDOCK3 TP-PL-13)., Ia'diolcgioal Recovery of
-Fixed Military' Installations)'.

1.2 Justification and Realkirements.

TIM 3-225 'presients methods and. data necessary. to pe,3form decon-
tamination operations on fixedi. militaxty installations.. under tempavrate--
weather donditionb-. The application of basic recov6ýy criteria 66ntairied

in hismanal illhavtob~ odfied, 0±' altern%,te method~s employed.
f or decontamination:o .pera~tiona-under o~ld-weather conditio -ns. 'Large

I,'portions of the. United State* 'could'be. affected 'for, "n extended perodf
time~by cold weather (-ICP to +320F), ."hus" aff ecting'any cont'emplated
decontamination operatior.-

1.3 Backe'ound.
The historical background and cold-weather data background per-

tinent to this project are contained in the *first report of this project,
NDL-T-~ Cld Weather Dlecontamination Study -McCo ' [.!

* :The following testinZ schedule was planned at the Cam McCoy
test site (see figure I14ý) in the temperature range from _10 t +32F

4 a *4j A series of 42 -decloniiii-natfon trials, using, radioactive

... fallout: simul~nt on nominal 20--by 100-ft areeas to obtain effectiveness

142The decontamination of a 14-ac~re complezý of buildings and

of urrundngterrain and pavement, contam.6nated with radioactive fall-
out imuant toobtain logistic requirements for an integrated recovery

effort.

* l~~~~.4.3 "A series of teats, ' cn h oeetQ
-tmiiiant'i~a be''dc-osited on, snow inoae obtain data

on vertical and~horizontal migration. -

1., Two tests to determine the shielding effects of snow aiid
ice cover over f allout~.

5
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"(3) adding a 19% solution of sodium silicate.to serve as a binder; (4)
baking the mixture at 1O00C'C for one hour to fuse the sodium silicate;
and (5) blending the radioactive, sand with cold sand to provide a fall-
out'simulant with the level of specific activity desired for a particular
test. This latter operation as-.completed just prior to the start of a
"test series. Detailed descriptions of the equi~pment and processes used

*. in fallout-simulant production are presented in Appendix A.

2.1.3 Simulant Dispersal.

The fallout simulant was dAspersed on land-surface sreas by a
Burch-Hydron sand spreader mounted on a li-ton dump truck (see figure
II-1),. At the. start of a test series, the fallout simulant was trans-
"ferred from the blending truck to the spreader. by.means of a fork-lift-
mounted hopper. The spreader, adjusted, to deliver - 50 grams of simu-
":ant per.square foot in a swath eight feet wide, was then driven over
the test area at'slow speed to minimize slippage of the friction-drive . .
wheels. On roof surlces, the fallout Simulant was spread with a two-
foot-wide' Scott lawn spreader equipped-with a ten-fd6t-long extebsion
handle.

"2.2 Preparaticn of Test Surfaces;

Decontamination operations were conducted: on seven types of
surfaces during thii. series of tests:

"1. Bare. ground (frozen)
2. Bare asphalt

3. Bare concrete
P4. acked snow

"-5. Loose snow over packed snow
6. .Undisturbed snow
7. Bare asphaltmahingle roofs

. The bare-ground, bare-asphalt, and the snow test plots .measured 20 x.f4O0
"".eerwhile the bare-concrete plots measured 20 x 60 feet and the roof

. areas varied from 600 to 2C00 square feet.'

" '". Since the-Camp McCoy test site was covered with an average of
seven inches of snow throughout the test period, preparation of bare-
surface test plots involved the movement 'of large amounts of snow. 'Land-
surface areas were cleared bymeansof road graders followed by mechanized
sweepers (see figures II-2d,b). Roof areas were.cleared byhand-shoveling

* and sweeping.'

"*� '.' 'A tractor-towed pneumatic roller (see figUre..II-2c) was useld to
Sr"pare thp.ipeked-snow.plots . Since no sa'ii'Uant snowfall occurred
during most of the test period, one:area requiring loose snow over packed
snow was prepared by pic~ing up loose snow with a tractor-mounted front-.
loader (see figure II-2d), and dumping and leve!ling it over packed snow.

S' ..... . .. i • .'• :1
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2.3 Decontamination Operations.

The various types of equipment employed in decontaminating test
plots, are shown in figure 11-3. All units tested were of the type
normally available at large military installations. Except for the.
"rotary snowplow (blower) and. the.towed scraper (pan loader), which were
"tested under loose-snow conditions only, all unitswere operated under.a
va•iiety o9f surface and temperature conditions..

2.3.i YMchanized Eqginent Operation.

.Removal of fallout. simulant was accomplished by covering the
test-plot area, once with the particular vehicle being tested, with the
exception of the motor grader tests, one vacuuim sweeper test, and one
mechanical sweeper test. The sweeper tests are so indicated by first

" and secbnd decontamination.* All grading of snow-covered .test plots was
done in two successive cuts,.**'although only one test reports the inter-
mediate decontamination percentages. All vehicles,,except-the sweepers,
made passest from the same directidn; each pass slightly overlapping the

. '�.previous one. The sweeper made baak-and4-forth,,passes. All equipment was
adjusted to achi.eve the maximum effectiveness possible in one decontamina-"tion. The windrows, created by grading and rotary broom sweeping of snow
were pushed in on& direction-to a distance of. ten feet from the edge of

"the test plot.. The snow collected by the sweeperand towed scraper was
dumped in a centrally located area..

2.3.2 Mechanized Equipment Decontamination.

Under the dry,. cold conditions encountered during this series of
tests, little d±ificufty was experienced in removing radioactivity that
had accumulated on me,-hanized equipment during decontamination operations.
The material did not adhere to rubber. or steel surfaces, so that it was
readily removed by brushing. Equipment with contaminated grease and oil
Spots was effectively decontaminated 'by steamwhen applied under the
shelter of a.buIldlng. In cases of low activity, hot spots .were allowed
to 'decay. Iiterial accumulating on grease and oil spots amounted to a
small fraction of the total adtivity found on equipment after completion
of operations.

* The test plot-was not recontaninated between first and second decon-
tawminat ions.

• Cut refers to the removal of a top layer of snow from the entire test
plot. " "

: Pass means one trip across the length -of the test. plot.

14
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Blade Snow Plow

Rotary Snow Plow (Blower]
FIGURE 11.3 (CONT'D.)_--
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FIGURE 11.3 (OTD
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.2.3.3 Fire Hose 02peration.

Except for one test (bare ground at 212F, fog nozzle) in which
a fire-engine pumper was used to boost pressure, all fire-hosing opera-
tionp, were conducted at local hydrant pressures" of approximately 90 psig.
This resulted in nozzle pressures of 40-50psi,.depending on the..size
and type of:noztle used and the length of, hose lay. Three types of
nozzles were used, all mahaActured by the Wooster Brans Compahy:, a'

*.:2&-inch nozzle with a 1-inch bore; a l•-inch nozzle with a *-inch bore;
"and a l-inch nozzle with PP quad-vay adjustable bore. The first two
were regular straight-bore hose nozzles, while the latter was an a•-
Justable-bore fog nozzle. Standard 2J-inch-diameter fire-hose was used

• except with the lI-inch noz.les where several lengths of l1-inch diameter
hose were used between the nozzle and the supply line.

Roofs.. were decontaminated by lobbing the water from ground, level;
surface plots were cleaned by walking over the. plots and directing the
stream~forward and to'the aides so that the simulate was washed to the
sides of the plots. Hosing operations were terminated when, on the basis
of visual' observations, material removal was essentially complete or
freezing conditions rendered further effort ineffective. Typical hosing.operations are shown in figur'e 11-4.

2.4 Test Measurements. .

LTest measurements included radioactivity levels, meteorological
conditions, and time required to complete decontamination operations.

2,.4.1 Radioactvity..!....

A variety of different types of r-dioactivity measurements were
required in this test- program.. These included (1) source strength of ,the
tracer material, (2) concentrations of radioactivity in the fallout simu-
"lant, (3) radioactivity on test plots before and after decontAmination,-

a(c) dcses received by equipment operators, and.(5) the many routine
health-physics type measurements reqUired to.support large-scale field
tests involving the use of radioactivity. Radiation measurements' made

. during simulant•pr6duction are discussed in. Appendix A. Radiation
measurements..made as part of the health-physics"support -program are pie-
sented in Appendix B.

. Radiation levels on land-surface test plots, before and after
decontamination operations, were measured, with a.continuous-scanning
radiation-detection system (see figure 11-5). This system, which is
described in detail in Appendix C, consists ofa collimated anthracene
scintillation detector, a 20-foot horizontal traversing.mechanism, and
an X-Y recorder. Operated--at-a height of one Tfoot, the det-±etor has an
u" .hielded circle of acceptance on the test surface of one foot in
diameter. In taking the measurements, continuous traverses were- made
"at ten-foot intervals along the length of the test plots.

19
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A

Radiation levels on roofs of buildings and ose rates vehicle

operator positions were measured with an Eberline Model E20rad~iation
su.rvey meter- or a Nuclear-Chicago Model 2586 "dutie-Pie" radiation-

detector meter.

2.4.2. Meteorological Conditions.

Fou~r types of meteorological measurements. were made dluring test
operations: (1) surface temperature,. .(2) air temperewtiire, (3) wind
speed, and (4) snow density.. surf ace temperatures were measured wi.th
thermometers placed face-up on the test plot;dair temperatures were
measured with thermometers mounted on the radiation-datection traversing
mechanism at a height of 3 feet. Wind speed measurements were-made with
an anemormeter mounted on top ofBuilding 645. Snow 4ensity was deter-
mined b..weig.ing a sample in a plastic cylindr.graduated in volum"e
units. Fur therdetails' regarding meteorological measurements are pre-
sented in Appendix D'.

* 2.4~ 3.Decontamination Time11er The time required by a particular vehicle to decontaminate a.
given type of surface areta was measured with a stop watch. Ti4ng •f
.econtamoination operations began when a vehicle started its first . ase
over a testhplot and ended whe on the vehiclerhad 'covered thetplot. Off-
a'nlot maneuvering of the Vrehicledwas not included in the timing of the
operat ion.22. FilDa.

The following data were recorded during each decontamination
test:

Background radiation levels 'across the center of the plot ae
several different instrument sensitivities.

Radiation levels at 10-ft intervals across the contaminated'rand decontaminated plot.

Dose rate to the decontaiminaton operator both on and off test
plot.

*Time Lor each decontamination pass.

Typocai x-y curves recorded fromh each scan are shown in figure 11-6.
Thi areas under each curveincluding the radin ation background curves,
were obtained with a planimeter. After subtract,.igthe appropriate
background-data area from each scan) the net- area was entered *r the
data shcto shein f in Appendix B. o The ratio of the decontamination area
to the contamination are. gives the fraction of material left on the plot;

,.22.
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the remaining fraction is,. of course, the anount removed. The remaining
fraction is shown as percentage of decontamination in all data sheets
and 'suminarit_ý. It was not necessary to convert any scanner data to
radiation intensities, since only the removal efficiency of each tech-
nique was desired. However, the values reported as radiation levels
are approximately 6 .67'mr/kii at the detector element per unit- area.

25 Results~and Discussion..

.2.51 Results.

The data collected from .the field'tests of decontamination of
"test plots are summarized in table 11-3. .hThis saunt ryof results in-
fcludes theoaverage percentage of decontamination and its 90% confidence

"-Interval the air and surface temperature, the average activity level
"on the surface prior to decontamination, rorkrate, and the operatorve
dose rate. r etel data are given in Appendix E.l

.Based on statistica analyses of the field. data, the follo.ng

results from the tests were' obtained

There is no sigificant effect of temperatureyon the effective-
ness of sweeping bare, frozen ground.nDecontamination of 86% to 90% can
bce expected from mechanical'or vacu~um sweeping of bare frozen ground
under normal conditions and properly operating equipment at a rate of
about 600 square feet per minute. Decontatiiiation of bare frozen AinoEnd
by fireBhosing results in less than 1-C% decontamination. Ia f the ground"
"is reasonablt sloped, short distances maybe decontaminated by fire
•on.with a maximum of about 85% and a decrease of approximately o.4%
per linear foot o bpreogress.* Without a good runoff of water, freezing
will occur and effectiveness will be less than 20%. Using two 1 -inch
hoses, deccritaitimntion rate is about 250 square foot per rrninute.. Decon-
tamination of frozen ground by bulldozing and grading iS completeloy
ineffectlve.

Decontaminatboon ;of, bare concrete or aiphalt surfaces at sub-
freezing temperatures by mechanical sweeping will result in 92% to 95%
decontamination at arate of about 1100 square feet per minute, and is
not significantly different from test results at above freezing tempera-

Ltures4 Fire hosigo concrete and asphalt is very effectl1ye at tempera-
tures near CPY, again, 'pro .vided there i .s reasonable slope of surface to
facilitate water runoff. Fire hosing of concrete and asphalt will resue.t

in a maximum of 96% decontamination with about 0.1% decrsease per linear
foot of progressat a rate of 250 square feet per minute using two
4-2-inch hoses..

* Linear foot of progress means the-distance traveled by the decontamina-

tion apparatus from the point or line that the decontamination was
started.

23
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Packed snow can be decontaminated by mechanical sweeping with an
"effectiveness from 90% to 95% at a. rate of 1,000 square feet per minute
at temperatures below 220 F. Vacuum sweeping of packed snow results in
80% to•90% decontamination between temperatures of l0F and 3e F at a
rate of 500 square feet per .minute. Sub-zero temperatures reduce*vacuum
"sweeping of packed snow to approximately 50% decontamination. Fire hosing
of .padked snow is. "a feasible method provided all the snow can be was.hed
away in the process. Test data indicate that the decontamination effec-
tiveness is temperature. dependent. At 300 F, firel hosing of packed snow.
will result in a maximum of 95% decontamination with a decrease of 0.1%.
per linear foot of progress. At lower temperatures, the maximum per-
centage will decrease by 0.5% Per degree. The fire hosing rate-with two
,. -l•n. hoses will be approximately 150 square feet per minute. Motor
grading of packed snow gives a maximum of 97% decontaminat'ion. with a de-
crease of 0.2% per linear foot of progress after, two cuts over the area.
The linear factor is temperature dependent; it doubles for subzero tempera-
tures and is about half for near freezing temperatures. Decontamination
is increased approximately 5% by the second cut. The time required for 4

* grading packed snow with two cuts is about 300. square feet per minute,
but this does not include windrow removal. : Blade snow plowing of packed
"snow is ineffective.

.Undisturbed snow decontamihated at temperatures near zero by
blade snow plowing results in 94% to .97% decontamination at -a rate of
5,000 square feet per minute with little or no decrease per linear foot
of progress; however, there is a decrease of about 0.4f% per foot per-
penldicular* to the vehicle's moti6n in the direction the snow is thrown.
Rotary snov plowing•at O°F ,gives a maximum of 90% decontamination with
a decrease of about 0.1% per linear foot of progress and a rate of 900
square foot per minute. Motor grading bf loose snow gives 55% to 65%
decontamination with little linear decrease at a rate of about 500 square
feet per minute. Decontamination Of loose snowwith a towed scraper
gives a maximum of 96% and a decrease of 0.2% per"foot of progress at a
rate of 1200 square feet per minute.. This rate cannot be maintained as
dumping will be required for each 1,000 to 2,000 square feet of snow
decontaminated. . .

• Decrease in decontamination effectiveness perpendicular to the
vehicle's mction means that subsequent passes made by the plow
to widen the decontaminated area became less:effective.

.29



Bare, sloped, asphalt-shingled roofs can be decontaminated by
hand broomzsweeping by 76% to 88% and is temperature-independent. Fire
hosing of bare roofs from the ground gives approximately 45% decontamina-
tion at near zero temperatures and approximately 67% decontamination at
about 29F. For a heated building, the roof decontamination from fire
"hosing will be about 65% at near zero temperatures.

2.5.2 Discussion.

T he results derived from the decontam±hation of test plots could
not be based solely on the decontaminat4on percentages calculated from
the radiation intensity measurements. Operational.variables, such as
operator inexperience,, mechanical difficulties, and condition of surface,
had indeterminable adverse- effects on the• results. In.most of. the entire
series of- test these. operational variable§ completely disguised any

Spossible temperature dependence of decontamination methods. Repetition
of tests-is a prerequisite cf rigorous statistical analyses, which en-
abLes the elimination of experimental error from the results. Without
repeaed testingunder identt.cal conditions, as Jftr-his series, there is

a great dependence upon observations taken during the experiments. These § * 1
observations provide expianatich for seemingly illogical 'dtat.

Each indIvidual test was analyzed for the percentage of decon-
"tamination Snd, where aeplicable, for variations of decontamination with
travel progress. These tests were then grouped by ýest surface and
method for domparison with one another. A brief discussion of each of
the test groups follows:

Bare Frozen Ground.

Bare Zrozen ground can best be decontaminated by mechanical
sweeping. Of the methods tested, mechanical sweeping gave the most con-
sistent high effectiveness.and the lowest work rates. The results showed
no temperature dependence, nor was it expected.. It is...of interest to note
that the highest effectiveness corresponds to the lowest work rate. Due
to the back-and-forth passes over the test plot, no analyses is possible
for linear progress effect on decontamination.

"The. vacuum sweeper is comparable to the mechanical s'weeper in de-
contamination of bare frczen ground. The poor results encountered in two
of the three tests can be contributed to faulty equipment; if. n proper
repair, decontamination from 85% to 90% should be expected.

Grading on' bare. frozen ground is almost completely. ineffective..
The scraper blade will not penetrate the ground and succeels only in re.-..
arranging the material. After obtaining the decontamlnatilon data from
the grader operation, the D-8 bulldozer was tried on the same test plot.
Even by.droping the blade from R height of two feet, it wino impossible
to dent the surface of the ground.. At th's time, it was estimated that
the ground was frozen tc a depth of two to three feet.,
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Fire hosing of frozen ground cannot result in more than approxi-
mately 80% decontamination at subfreezing temperatures. Sand particles
are trapped by irregularities in the surface and belome frozen in the
accumulated ice. This becomes .more pronounced as an area is extended.
"Effectiveness will decrease from0.2 to 0.7 percent per fodt of progress,
depending upon the temperature and slope of the land. Effectiveness also
tends to be dependent upon the work rate. --..

Asphalt and Concrete.

"There was no apparent difference between bare concrete decon-
taminaticn by sweeping or hoging. The decontamination of smooth hard
surfaces with a'mechanical sweeper will be from.92% to 95% under cold
weather, conditions, which is the same as reported by U. Si Naval.Radio-
lcgical Defense Laboratory (USNRDL) for temperate wepther tests. The
""ow percentages obtained from one mechanical sweeper test on asphalt
and from the vacuum sweeper test on concrete were.due to faulty equip-
ment. With proper drainage 90% to96% decontaminaticn be obtained

.from fire hosing at near zero temperatures, as compared to. 95% to 98%
expected under temperate weather :Oonditions. 4 . Without. drainage -of water,
very poor decontamination results from fire• hosing.

Packed Snow.:

Packed snow may be decontaminated by sweeping the fallout from
the surface or by removal of the snow by grading or fire hosing. Mechan-
ical sweeping is the most effective method, giving 90%-to 95% decontamina-
tion with proper adjustment of the brush. Its limitation is its hopper
.capacity which necessitates frequent unloading when used over snow. The
vacuum sweeper is not as good over packed snow for several reasons: the
surface is relatively rough;. the sweeper's traction'is marginal; the
hopper fills up very rapidly. With a properly-operating vacuum sweeper,
80% to 90% decontamination can be expected for hard packed snow areas of
less than 2000 square feet per hopper full.

"Motor grading of packed sncw for decontamiftation s.a matter of
"removing the'snow from the surface. Although the simulant: i originally
on top of the snow cover, it tends to work under the moldboard as the snow
is being scraped,. thus reducing the effectiveness as progress is made.
This reduction becomes more prominent as temperature decreases, which is

-probably due to the. $nd and ice crystals tending to have Similar phy'ical
characteristics at near zero temperatures. Whenit is possible to remove
all the packed snow with two cuts of 2 to 4 inches each, 97% decontamina-
tion can be expected at the beginning, with a reduction in effectiveness
from 0.1% to 0.4% per foot of progre'ss. Not enough data was obtained to
indicate whether the reduction in decontarination.with travel-is a linear
fnction, or whether it will reach an ecuilibrillm vfiue•--.



- -.- . *1.1
Fire hosiaig of.packed snow is an effective method, provided the

snow can bV washed from the surface in the proptss. Decontamination
effectiveness increases as the temperature approaches thawing because
tlia.sfiow is- easier to remove and because there is less likelihood, of.
•th!- water refreezing on the surface. The reduction of effectiVeness
w.)vh progress was detected from the- fire hosing test data, the'reduc-
tion being approkimately 0.1% per foot; it would probably be higher if
wider strips were washed.

Loose Snow Over Packed 'Snow.

There were two loose-snow-over-packed-snow tests. One plot con-
sisted of light natural snowfall over a packed snow area, This plot was
motor graded to produce results similar to grading of loose snow, except
there was noted a reduction in effectiveness of about 0.1% per foot. The
second plot was prepared by spreading loose snow over packed snow with a
front-end loader. The following day the "loose" snow was frozen hard.
As a result, the blade snow plow could not penetrate the snow. A motor"
giader -was then used to decontaminate this area. The results from this
test, as expected, were the- same as .th~se from packed show tests,

Undisturbed Snow.

Undisturbed snow can be most effectively decontaminated from 94%
to 97% by blade snow plowing and at a work rate unapproached by Sny other
"method employed in this series of-tests. Although no Ted~uction in effec-
tiveness was detected along the path of progxess, a reduction of 0..4% per
foot was observed in the direction the snow was thrown.

iotary snow plowing ismuch slower and less effective than that
done with the blade. Decontamination of 90%, with. a decrease of 0.1% per
foot, may be expected for decontamination of about 6 inches. of undisturoed
snow.. In the test, raiation levels as high as..5 mr/hr were measured out

to 100 feet to the side-of the test plot as simulant and snow were thrown
into the air and carried downwind.

Yotor grading of"undisturbed. snow gives from 55% to 65% decon-
tamination. Operator skill will determine the effectiveness of decontam-
ination within the above limits. 'As with packed snow, the simulant would
work under the moldboard. In addition, with large amounts of snow being
pushed aside, it was difficult to maintain-the moldboard cutting edge
parallel to the ground after the first pass, since one side of the machine
was riding higher than the other. The angle of the moldboard was varied
to prevent material from rolling over the top of the blade and back onto
the cleared area.

The towed scraper.results in faster, more thorough" drnmntaminat-on
in -b,-ut 6 inches or undisturbed snow than either the motor grader or
rotary snowplow. The time rate is very deceptive as it doesnot include
time for hauling and dumping, which would probablybe necessary after.
every I to 2 minutes ofscraping.
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Bar~e Roof S.

Fire hosing of roofs in subfreezing weather results in almost
immediate icing. The results show that the amount of decontamindtion
is temperature dependent. It was also observed that a concentrated
stream lobbed on the roof reduced icing rate.over a spray or fog-type
stream of water... The object was to get as large a volume of water as
possible running down the roof in'order to prevent freezing.. The
radiation measurements ofthe roof tests were extremely difficult to
"take. In one'test,.the decontaminated roof could not be mea-sured"for
two days after the test because of icing;. In another test, delay be-
cause cf weather caused specific. acitivity. of. the sand to decay to a
very low level, and resulted'in low radiation measurements. The re-
sultant percentages of.decodtaminations are, therefore, not As accurate

..as those given for the test plots. They do serve, however, as a good-
indication of cbld-weather decontamination that can be achieved by fire
hosing.-

Hand broom sweeping of roofs in cold weather gives results com-
parable to those from temperate weather tests.8

" 2.6 C01oncluslons..

1. In below-freezing weather, hard, dry surfaces can be decon-
tam.nated by 90% or more with mechanical or Vacuum sweeping. at a rase
of 500 to COC s4uare, feet per minute (plus time required '"6r emptyingSbins •

2. Fire hosing is 50% to 90% effective for-decontaminat-ion of
small areas in.temperatures to zero,. provided the surface is reasdnably
smooth and sloped, and the bulk snow or loose dirt. to be moved is not
too great. This method is .slcw; it requires three to five operators,
and water flow must be maintained to prevent freezing. in the hoses.

. 3."Packed snow may be 85% to 95% decontaminated by sweeping
..and 80% to 90% decontaminated by grading. Fire hosing of packed snow
is possible under ideal•<conditions.

4. Undisturbed snow can be decontaminated only by removal. of
the snow., Possible methods, in order of their effectiveness,. are. blade
snow plow, toWed scraper, rotary snow plow, and grader.

5 Roofs can best be decontaminated by sweeping; fire hosing-
produced marginal results..

33



III. LOGISTICS EXERCISE

After completion of the 'evaluation tests described previously,
a Logistics Exercise was conducted which had, as 'Itt objective, the
determination of realistic equipment and manpower requirements for the
decontamination of built-up areas composed of many surfaces. The area
selected is shown in figure III-1,.a plan view of a-two-block section
of Camp McCoy. This area, after being spread with fallout simulant,
was decontaminated by two 12-man teams made up of troops from the Fifth

.Engineer Battalion. Fort Leonar'd Woo4, Missouri, and frgm Mobile Con-
struction Battalion Four, U. S. Navy, Davisvillb, Ahod 1 Island,.

The fallout simulant was prepared. in. the.. same manner as that used
on the test plots (see Appendix A). A Burch-Hydron spreader.(see figure
II-1) was used wherever possible; roofs and other areas inaccessible t.
this vehicle were covered by means of hand tools and a garden 'spreader.

3.1 Description of Test. Area.

-The test area covers about 3* acres of i9;nd On which are'klocdted
"four sangle-story frame buildings (505, 506, 516, and 517) and four two-
stbry builiings ( 5 0 4, 507, 514- and 518), all having asphalt-shingle
roofs.. Ten-foot-square concrete slabs enclosed by low walls are located
between some of the buildings and are used for storing coal. Bisecting
the area is a macadam roadway, East'L Street, on either side of which is
a bar ditch. Where the access route indicated in the figure crosses the
roadway, covered concrete culverts are located. At the-time of the test,
the whole area was covered by about six inches .of frozen snow.

32 Test Operations.

The test area was divided into two main parts: Sector I, north
of East T Street; and Sector I11, south-of East L Street. Each sector was
then •bdivided by the access route, the area east of the route being
assigned.to .one team and that west of the route to the other. In this
report, the teams will be referred to simply as Team A and Team B.

3.2.1 General Procedure.

The procedure adhered to in executing this exercise was, in gen-
era-, as follows: GD/FW personnel spread the contaminant over Sector I
and recorded measurements of the activity levels on the .ground complex,
on roofs, and inside the buildings. This group then proceeded to Sector
II where they performed the same tasks. When the GD/FW group moved to
Sector II, Teams A and B began their decontamination of Sector I. After
the decontamination of Sector I, the GD/FW personnel returned to Sector I
to take measurements of the residual activity while the two-teams pro-
ceeded to decontaminate Sector II. When Sector II had been decontaminated,
residual activity ;1evels were also measured there.'

The equipment used during the iogistice exercise is described in
Table III-1.
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3.."2.,2" Decontaminatio". of Sectr -I.

b Dg Secotaminatio operations began with the rotary-broom 'sweeper
bein usd t clar rad urfces(see figure 'III-2a). - of "d of

* buildfings were cleaned next, straight brooms being used on Bui).dirigs
55and 506 and fire hoses on.Buildings:;5O4 and 507. Team t operated

from the ground Vith a 2j-incli hose -equipped with a 1-inch bore nozzle,
wherea .Te'mA worked from the ridge of the roof using a; l-inch hose
and.Finch bore nozzle..-..

"To decontaminate land areas, Team-B used the 99-H.road grader
and the towed scraper (pan loader) 'pulled by the LoM trarctor (see fig-.
ure III-2"b). Tan A used theltracked fsont-loader (see figure 1II-2c)
and the D-S buwleldozer with straight push blade '(see figure I-Zd).
Hand shovels were hused by both teamis. Cleanup consisted of windrowing
the snow-and pushing or hauling it out of the area.

* 3.2.3 Decontamination. of Sector 11.

The road dividing the tw o sectors was again c.learedby rotary
broom- sweeping. Becags cff the difficulties .encountered du.ing the -
roof decontaminationeby Lire-hosing of Buildings504 and 507, the roofs
of Buildings-5 b4and 5r8 ii. Sector II were aot spread with fallout
simulants The one -story-building broofs,, were decontaminated by sweeping.

The land area in Sector 1 was cleared by usefof the same.
enera .t3chniques as thoansetemployed in Sector I, but with some varia-
tion in equipment. Team B used .the front loader, D-8 bteldozer, and
"the oc-9 roadn graoer. .. Team--used the paniloander, 99-H road grader,
and the D-7 bulldozer with angle blade'. Again, both teams used shovels
in areas that could not be reached with mechanized equipment.

3.3 Zest Measurements...

Due to irregularities in iurface areas, the presence of surface
•. ...-acles, and thre inaccessibility of certin areas, the scanning equip-
ment used to measure radiation levels of the test pIots (see. -) could
niotn be used during the logistics exercise. Instead, activity levels on

- ufce areas were measýLred with a Nuclear Chicago. MIodel 2586 "Cutie.
Pie " radiation detection meter and an Eberline Model E-2.QA radiation
Ssurvey-jneter. The E-200A was used on.bthe roofs.-

Figure F-1 in-Appendix F shows -at what points on the ground
complex dose rates wetre measured. beforeand after decontamination.
These points, in general, were located every.25 feet in rows approxi-
r-atey 25 feet apart. Dose rates were alro measured on the roofs. and..

- einside the buildingethe liocations of the smeastrtiolts arshown--------
u-ey.-ein figures e -? through F-b.
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(a) Sweepster Clearing Road miw~ Sectors I And'II

(b) Motor Grader And Pan Lo6der Pulled By MRS Tractor
FIGURE -III - 2 DECONTAMINATION OF GROUND COMPLEX

DURING LOGISTICS EXERCISE
3P



.NPC 16.615

(c) Front Leader Removing Snow From Bar Ditch

(d) ulloze- Puhn nwOfUetAe

*FIGURE III - 2 (CONT'D)
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3.4 Results and Discussion.

The measurements taken on the ground complex, inside the
buildings and on the roofs, are tabulated in Appendix F. Figures
111-3 and 111-4 show how each team utilized its equipment and manpower,
while table 111-2 shows, in the next-to-the-last column, the average
p:ercent of activity removed from the ground complex and the roofs of
the one-story buildings. The average percentage of remaining radiation
levels inside the buildings are listed in table 111-3.

In Sections 3.4.1 through 3,4.5, below, the. performance of the
various types of equipment and the operational techniques developed
during the exercise are noted.

3.4.1 Towed Scraper (Pan Loader). "

Operation of the pan loader with the rubber-tired IMS tractor
was marginal under the existing conditions. Poor traction in the snow
resulted in the vehicle getting stuck several times. Water on the
ground as a result of hosing the -roofs increased the difficulty of
operating this machine. After the area had been-partially cleared,
less difficulty-was encountered, although operation still was slow.

3.4.2 *Vntor Grader.

The grader was quite successful in cleaning the material from
around the foundation of the buildings. However, this machine is
basically a withdrawing device and is not suitable for moving large
quantities of material from one area to another. Operation of the
grader with the pan loader to pick up the windrow is slow,.but effective.

3.4.3 Front Loader.

The D-4 front loader was used to pick up snow around obstacles
such as porches, hydrants, and trees. The capacity of the scoop is so
limited, however, that the quantity of material removed by this machine
during the test was relatively insignificant.

3.4.4 Bulldozer.

The D-8 bulldozer was the most efficient machine used in the
logistic exercise. The technique developed to move the snow to the
dump area was to open one lane through the snow that extended from the
rear of the test area to the dump. All loads-were then pushed down

.this lane to the dump, the windrow built up on each side of the lane
helping to hold the snow on the blade until the dump was reathed. The
load pushed by the D-8 was two to three times as large as •that carrie&
by the pan loader. Since the D-8 did not get stuck, the average travel
time was approximately one-half that of the pan loader. The D-8 was
alsc able to clean out the ditch more effectively than the grader, and
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NPC 16,616

TIME OF DAY (I FEB 62) MAN-

EQUIPMENT 09Q00 I00 1300 1600 1700 HOURS

Team A

FRONT LOADER I6O MIN - - 2.6
(D.4)

D-B BULLDOZER 10o MIN 3.0

MOTOR GRADER 36 MIN 0.6

HAND SHOVEL 90 MIN 1.6

STRAIGHT BROOM 1- 60 MIN (4 MEN) 3.3

FIRE HOSE 60 MIN (4 MEN) I 4.0

Team B

FRONT LOADER 90 MIN 1- 1.5
(D.4)

D-8 BULLDOZER 60 MIN 1.0

MOTOR GRADER TA198 MIN 3.3

90 MIN BROKEN 1.5
TOWED SCRAPER (TOTAL) CABLE1.

HAND SHOVEL is0 MIN (7 MEN)I--- 17.5

STRAIGHT BROOM 57 MIN (4 MEN) 3.8

FIRE HOSE -172 MIN (4 MENI 4.8

FIGURE III-3 EQUIPMENT AND MANPOWER UTILIZATIONs
S|¢TC)t I
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NPC 16.617

EQUPMNTTIME OF DAY (2 FEB 62)MA.
EUPET 0800 0900 1000 1100 1200 1300 1400 HOURS

Team A

FRONT. LOADER (D-4) 04 MIN. 1.4

0.8 BULLDOZER 120 Mi- 20o

D7BLDZR64, MIN 14BAD 0.9D7*BLDZR240 .MIN NOT CLUTCH NOT4.
MOTOR GRADER (TTA)IN IN4.

USETA U eSE

174 MIN BK KENNO
TOWED SCRAPER (TOTAL) CABLE USE 2.

ROTARY BROOM 12 MIN 0.2
SWEEPER

STRAIGHT BROOM 67 MIN (4 MEN) 3.8

HAND SHOVEL 60 MIN ------

TeamS B

FRONT LOADER (0.4) 216 MIN -43.6

D.8 BULLDOZER 180 MIN 34SUC
MOORGADR270 MIN IN 4.6

(r~rA) i~ DITCH.

STRAIGHT. BROOM So MIN (4 MEN) 5.3

HAND SHOVEL 300 MIN 16 MEN) -0.

FIGURE 11u. 4 EQUIPMENT AND MANPOWER UTILIZATION:
SECTOR 11



TABLE 111-3

EFFECT OF DECONTAMINATION ON
RADIATION INTENSITY LEVELS INSIDE BUILDINGS

Average Percentage of Remaining
Radiation Intensity*

Building Number After Roof After Roof & Ground

Decontamination Decontamination,

Upper Floor. 108 69
504 Lover Floor 134 63

505 94 34

506 103 4o

fUP er Floor 81 51507 Lower Floor 96 40

5!4"* (Upper Flooor. 27
56 'Lower Floor 23

"526 21

517 - 20

Upper Floor 19

58* £ Lower Floor - 18

• The percentages in the table are average values of all readings
taken inside-the buildings (Appendix F).

• Roof was not contaminated.
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was considerably faster than the D-4 front loader. The speed of the
D-8 is reflected in the cleanup times required for each area.

3.4.5 Fire Hoe.

The roofs of Buildings 504 and 507-in Sector I iced over during
the hosing operation, so that the decontamination data could not be
obtained for three days. After correcting for decay, the residual
activity still on theroots was not significantly lower than the initial
spread activity, and in some places it was higher. In addition, the-low
level of radioactivity after three days made it necessary to take
readings with 'the EberlineBE-200A meter, which froze several times
during data-taking and required several.thawings. Itis- suspected that
a slow instrument drift may have occurred during this time period to
contribute to the uncertainty of these data.

3.5 Summary.

Evalua•ton of the effectiveness of the various decontamination
methods applied in the Logistic Exercise is very complexbecause 6f:;the
many variables involved. This test. wis essentially a one-decontamination
operation utilizing several combinations of techniques and machinery.,
Specific evaluation of each method and tool as applied to a given surface
environment was not feasible except in afew instances..,

Information gained from the decontamination cf Sector I Indicated
that boh crews could work more eect.vely with a D-7 or D-8 bulldozer
and a grader. However, because of breakdowns and time required to trans-
port the D-7 from the equipment pool, this combination.of equipment was
in operation only part of the time forboth teams. Enough experience
was gained, however, to demonstrate that'this combination was the most
efficient. of those tested for removing the material froy. land areas. It
is felt that the payloader, which was not available for this test, would
also be effective in this type work.

For decontaminating bare roofs at temperatures below .320F, the
straight push broom is reccmmended over the fire hose. Although sweeping
requires more time than hosing, the percentage of radioactivity removed
is greater and the hazard presentedbyan icy roof is avoided. In either
case, the radiation intensity inside the building will tend to increase
from.. concentration of fallout on ground inrtediately. adjacent to building
walls. This is removed by subsequent ground decontamination..

There are several items of interest that can be surmised from
the complex data results. Probably the major observation is that to
effectivelydecontamniate large snow-covered areas,.a team consisting
of a dozer and a grader is requirea. In Sector I, Team A had a D-8
dozepr which moved large amouift& u: snow from tne area, but produced a
low decontamination effectiveness. Team B had a 'motor grader which was
seriously handicapped by the large bulk of snow. The result was only
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50% decontamination for the sector. In Sector II, where both teams
"used a dozer to remove the majority of the snow, and then used a motor
grader to scalp the surface to bare ground, the effectiveness was in-
creased to 75% or 80%.

Another notable bbservation is the large difference between
the. man-hour expenditure of Team A and that of Team B. This difference
was due almost entirely to hand shoveling.. It is doubtful if the.
greater effort and incurred dose is worth the less, than 10% increased
effectiveness in decontamination.

An estimate of expected dose for an operation of this type was
made by using the data obtained-in the test. By use of the~average
dose rates on the ground and roof at the timex:Just before. decontamina-
tion commenced, and the man hours of exposure, the total dose for the
two teams was estimated at 2500 mr, or an average of IC4 mr per man.
According to the film badge results, the tota.1 average dose was 56 mr
per man. Therefore, the combined effects 6f equipment shielding and
reduction of dose rate due'to decontamination resulted in each man.
receiving cnly 54% of the expected dose. Since this percentage would
be considerably reduced-bythe eliminationof the hand shoveling, it
should be safe to conclude that for an operation of this type,,the dose
to each man would be less than half the 6pen field dose during the same
duration of time. .,For example, if the 3ý-acre complex was at an H+1
intensity level of 2000 r/hr, it could have been decontaminated by
a 24-man team after a two-week waiting period'with anaverage dose to
each man of about 4 r.
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IV. FALLOUT MIGRATION TESTS.

The, verticqal and horizontal migration of fallout deposited on
snow and ice could influence greatly the procedures required to effeb-
tively decontaminate an area. To obtain experimental data on the verti-
cal and horizontal migration phenomena, a series of tests was conducted
"in which the migration of a non-radioactive tracer was measured under-a
variety of meteorological and ground-cover conditions.

4.1 Simulation of Fallout.

' To simulate fallout, a fluorescent called Liquifluor was sprayed
on native Camp McCoy sand that had been sieved to a particle size
from .50 to 30C microns. This mixture, like the radioactive simulant
used in the decontamination tests, was prepared in. the U. S. Army Nuclear
Defense Laboratory Facility (see Appendix A).

One thousand pounds of the sieved sand was loaded.into the con-
,crete mixer (see figure A-I.) and sprayed with one liter of Liquifluor

:-concentrate. To facilitate the mixing process, the fluorescent was
diluted with one liter of toluene, which made a total volume for spray-
Ing of 2000 cc. After the Liquifluor solution was injected, the sand
was tumbled and dried in the mixer for two hours and then .stored in
35-gallon cans for later use.

4.2 Preraration of Test ?lots.

The snow used for the migration tests was located in an open
field approximately 400 feet long by 300 feet wide bordered by small
trees. The ice for the tests was located in the bed of a large, open
drainage ditch that was exposed to the weather.

The test plots on theasnow were approximately 4 by 20 feet and
were in a north-south direction, an east-west direction, and a northeast-
southwest direction (see figure IV-la). By this means, the prevailing
Winds were likely to be in a direction nearly perpendicular to the
long side of one of the plots. This method insured that the horizontal.
migration of the simulant off the opposite long side of the plot would
be more evenly distributed. Thus, contamination measurements made
downwind from the plot would be more nearly equal and their.average
more representative of the migration process. As ithappened, the
prevailing wind was northwesterly, so. the NE-SW plot was utilized for
the horizontal migration studies.

The sand used in these tests was left outdoors for approxi-
mately 3, hours prior to spreading so that it could come to temperature
equIlIbrIumf. A ScuAt fec.uLili zc. bpvcnder, MVudel: 35-8, -ueed to
spread the sand on both the ice and snow. Although the spreader had
been adjusted to a spreading rate of 50 -m/ft'", the' nature of the
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surface being spread and the peculiarities of the spreader were such
that a perfectly uniform dispersal could not be accomplished. To
find the average amount per square foot, four samples were taken from

.. each of the four spreads on snoW and the two on ice. The results of
these measurements are shown in Table IV-1.

TABLE IV-i

DISTRIBUTION OF SAND ON MIGRATION TEST PLOTS

Amount of Sand (gm/ftc)Sample-•'
On Snow On Ice

Popt 1 Plot 2 Plot 3 Plot 4 Plot i Plot2

49.3 61..4 48.7 76.2 37.6 ý6.3

2 5,14 58.3 ' 51.4 38.1 48.9 36.8

362.3 417 68. 1-46. 90.6 5.

4 38.1 47.6 71.2 58 6 48.9

Average 50.3 52.3 60.0 i 54 58 53.

Average = 54.3 Average = 55.8.

4.3 Equipment.

A rectangular metal box with the front and one end open was
used to obtain the snow samples for analysis (see figure IV-lb). The
box measured 6 x 6 x 12 inches (ID) and h~d grooves for shelves placed
on j-inch centers.

The apparatus for coring ice consisted of a 1-15/16-inch ID
pipe with a sawtooth edge on one end (see figure IV-ic).

The fluorometer utilized in these tests was designed and built
at General Dynamics/Fort Worth. This instriument, containing General
Electric 6WBLB lamps as an ultraviolet source and an RCA 5819 phototube
with a.pprcpriate filters, wak pvwered by a F1',Lue igh-power supply,
Model 400E, set bit 740 v-dc. It was connected to a Beckman Model
micromicroammeter for readout.
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4.4 Sampling and Testing Procedure.

The horizontal migration of the simulant on snow was tested
by taking samplesat distances of zero, one, two, and.three feet from
the'test plots after time lapses of 24, 48, and, when possible, 72
hours. Migrations beyond three feet. were below the sensitivity of
the fluorometer.

The samples of snow were collected by inserting the empty
coring box into the snow as demonstrated in Figure IV-lb. Excess snow
was then removed from the front of the box, and the metal shelves were
ins6rted, starting at the bottom and progressing upward. Sampling from..
lcw concentrations to high concentrations reduced the error of cross
contamination.

The samples of ice were collected by boring four inches into
the ice, removing this core, and cutting it into t-inch increments with

/'a small coping saw'.

After the snow and Ice samples were collected, they were put
in 66b-ml beakers and placed in an oven at .llO'. After drying, they
were cooled to room temperature and 14 cc of toluene added to each
sample. The toluene was stirred with the sand for two minutes to ex-
tract the Liqulfluor. The solution was then filtered through a
Whatman No. 40 filter paper directlyintba 15-mA vial, which was
placed into the fluorometer"for reading. (The method of converting
uýLaamneter readings to Liquifluor concentration is described in
Appendix G.) All glassware was- rinsed with toluene and washed with
Alconox between runs to prevent cross contamination.

4.5 Results and Discussion.

Tabulation of the measurements recorded during the migration
tests are presentedin Appendix G, Tables G-1 through G.6.

Figures IV-2 through IV- 5 and IV-6 through IV-7 show plots of
the vertical and horizontal migrations, respectively, as a function
of the various meteorological-and ground-cover conditions.

4.5.1 VerticalMigration Tests.

Undisturbed Snow Covered by Loose Snow. The vertical migration
through undisturbed snow covered by loose snow on a partly cloudy day..
is shown in Figure.IV-2. The data arean average of two samples for
each test conducted. Temperatures ranged from -6 0 F to +29F..and,wind
velocities from 5 to 18 mph. Samples were taken vertically every - inch
until no simulant could be tetpnt•s, The snow avera~ed4.8 inches deep

with a density of 0.363 gm/cc and consisted of - to t inch of loose new
snow over a hard crusty-surface. Tests were terminated after 48 hours
due to the onset of a heavy thaw.
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Undisturbed Snow. The vertical migration through undisturbed
snow on two clear days. and one cloudy day is shown in Figure IV-3.
The data are an average of two samples for each test conducted. Temp- . J
eratures ranged from -2F to +38OF and wind velocities from 5 to 13 mph.
Samples w~re taken vertically every t inch until no simulant could be
detected. The snow averaged 5.5 inches. deep with a density of 0.301
gm/cc and was of a somewhat-loosely packed nature. Thawing-occurred
-during the -ast--24 hours of this test.

Crusted, Undisturbed Snow. The vertical migration through
crusted, undisturbed snow on clear days is shown in Figure IV-.4. The
data are an average. cf two samples for each test conducted. Tempera-
tures ranged from -86F to +lTOF and wind velocities f-rom 7 to 26 mph.
Samples were taken vertically every - ihch until no simulant could be
detected. The snow. averaged 4.0 inches deep with a density of
0.361.gm/cc and had a hard crystalline structure. This test was con-
ductcd after-five days of.thawing conditions.

- . Ice. The vertical migration'through ice on two clear and one
partly cloudy day is shown in Figure IV-5. The data are an average of
two samples for each- test conducted.' Temperatures ranged from -2 0 F to
O38F- and wind velocities from 5 .to 13 mph. Samples were taken verti-

cally every ¼ inch until no simulant could be detected. The ice depth
averaged 6 to 8 inches, with a slightly roughened surface. The 72-hour
sample was taken during a slight thaw which did not seen to affect the
results.

4.5.2 Horizontal Migration Tests.,

Crusted, Undisturbed Snow. The horizontal migration through
crusted, undisturbed snow on three clear days is shown in Figure IV-6,
(2 pages). The data ire an average 6f two samples for each test con-
dacted. Temperatures ranged from -8F to +lT7F and wind velocities
from 7 to 26 mph. Eachsample was taken horizontally at 1-foot incr,-
ments off the original plot and at t-inch increments in the vertical-
direction. Samples were taken both horizontally and vertically until
no simulant could be detected. The snow averaged 4.0 inches deep with
a density of 0.361 gm/cc and had a hard crystalline structure. These
series of tests were conducted after five days of thawing conditions.

Shown is the fraction of total simulant deposited at each level
and distance from original plot for four different times after deposition.

Undisturoed Snow. The horizontaL migration through undisturbed
snow on two clear days is shown in Figure IV-.7. The data are an aver-
age of three samples for each test conducted. Temperatures ranged from
-20F to +38F and win velocities from 5 to 13 mph. SA.pl were

both horizontally and vertically until no simulazft could be .detected.
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The snow averaged 5.5 inches in depth with a density of 0.301 gn/cc and
was of a somewhat loosely packed nature. The test vas terminated after
48 hours at the onset of a heavy"thaw. .

4.5.3 Test Results..

A study of migration measurements (see Appendix G) indicates
that most of the migration of fallout simulant takes place within
24 hours after original disposition. In all but one of the tests there
was no significant change in the simulant distribution after the.first
time lapse. The exception was the vertical migration of simulant on
undisturbed snow between 48 and 72 hours following a thawing period.

The tests also showed that crusted snow had a higher.retention
of simulant (about 95%) than loose snow, which indicates less horizontal
migration. The majority of the simulant remained in the top half-inch
of the snow, and penetrated very little.beyond the crust. Loose snow,
on the Other hand, retained from 15% to 20% less. simulant than crusted
snow, but vertical penetration was greater. In no instance was hori-
zontal migration greater than.3 feet; but no high winds or heavy
drifting wai experienced during the test period.

The migration test on ice showed approximately only 40% reten-
tion.of simulant, which indicated greater horizontal migration than
that on snow. Again, there was no significant change in the vertical
migration profile after 24./hOurs, although there were intermittent
thawing periods. There wa& a slight decrease in the surface concen-
tration over the span of t•he test, which indicated possible continuation
of horizontal migraticn.
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V. SHIELDING TESTS

Knowledge of the effectiveness of snow and ice in attenuating
gamma rays emitted by fallout would be useful in predicting the dose

... rate to personnel engaged in cold-weather decontamination operations.
Such information would also be useful in calculating the protection-
that would be effected by a snowfall subsequent to a contaminating
event.

As part of the overall field program in cold-weather decon-
tamination operations, two tests.. were conducted to measure the shielding
effects of snow and ice. More tests were planned buthad to be can-.
celled because of dam&ge to cesium-137 sources during shipment to the
test site.

5.1 Experimental Procedure and Ectuiiment..

For the snow studies, two cylindrical 0.5-curie. cesium-137.
sources.measuring 0.5 x 1.5 inches were used. The sources were inserted
"in the snow to ground level and the hole filled with 5 to 7 inches of
snow having a density of 0.310 gm/cc and. 0.5 to 0.75 inch of loose snow
having a density of 0.190gm/cc. Measurements: were taken with a Nuclear
Chicago Model 2586 radiation detection meter and an Eberline E-200A
radiation survey meter positioned three feet above the surface of the
snow. Horizontal measurements were taken at !-ft intervals out to 4 ft
and at 2-ft intervals from 4 to 32 ft.

For the -ice studies, the same two sources were utilized. The
sources were inserted into an 11-inch-deep hole bored into the ice, and
the hole was then filled with ice chips and packed down to simulate
solid ice. On top of the ice was a 2-inch layer of loose snow (dens
sity = 0.190 gm/cc). The ice density was 0.-920 gm/cc. Measurements
were taken three feet above the surface with the two instruments used
in the snow tests. Horizontal measurements were taken at 1-ft intervals
out to 4 ft and at 2-ft intervals from 4 to 22 ft.

In order to determine the effectiveness of the snow-.and ice
shielding, horizontal measurements were taken out to 30 ft with the
sources unshieldpd placed on top of-the &ce.

The dose-rate measurements for-both the snow and the ice studies
are listed in Table V-1.

5.2 Calculational Methods.

For the preceding geometries, it may be assumed that the source
was bolng moved rather than 0ie detector. Integration may then be per-
formed over the surface area and the resultant dose rate from a plane
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isotropic source determined by the following equation:

r'

Dose Rate = J D(r) r dr,

where D(r) is the measured dose rate at a distance. r listed in
Table V-1. Figure V-1 shows the experimental geometry. Using the
above equation, dose rates..,have been calculated. for three of the ex-
perimental conditions. They are shown in Table V-2 along with the
equivalent water thicknesses-.

TABLE V-2

DOSE RATES CALCULATED FROM MEASURED VALUES

Dose Rates Equivalent,
Geometry c urie Thickness.. G o m e t y. .• m r m c u i e o f •W a t e r

_r , .(in .)

No covering 5.0 x 10 0

6" Snow 2.8 x 10 1.79

9" Ice 2" Snow• 6.4 x ld 8.9

The dose rates can be calculated numerically for various thick-
nesses of, water, by use of the following equation:

2 V rmax

Dose Rate _f { •'<S B.-(t/sin ý)e-(t/il B)r dr de,

where

S is the source strength

.(3.7 x 0 disintegrations 1 rhoton
sec x disintegrationS;

F is the flux-to-dose conversion.,
• -3 AlO- rem/hr ,(1.3' 3• 5 X.0 photon/see !
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r is th0 horizontal ditstance of the detector from a vertical
line through the source;

R is the line-of-sight distance from the source to the

detector;.

Sis the angle measured by the intersection of r and R;

B(4t/sin P) are the infinite media buildup factors;*

t is the thickness of water; and

e is the angle measured about a vertical line through the
"source.

Figure V-2 compares the calculated and measured dose rates for
water thicknesses equivalent to no shielding, 6 inches of snow., and
9 inches of ice plus 2 inches of snow. The discrepancy between..meas-
ured and predicted dose rates is attributed to..threes.in causes:
(1) use of infinite-media buildup factors in a finite medium (no other
factors exist for ise in this type of case); (2) neglect of air
attenuation; and (3) accuracy .of the detectior4 instruments in meas-
uring low-gama-nenergy radiation.
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APPENDIX A

PRODUCTION OF IRADIOACTIVE FALLOUT SIMULANT

"The fallout simulant used in this series of test$ was pro-
duced in the U. S. Army Nuclear Defense Laboratory Facility at Camp
McCoy. Radioactive tracer materials are manufactured at this plant
by conbining a -radioactive isotope with a suitable carrier (sand),
adding a binder or sealer.(sodium silicate), and then baking or firing
the material to form the end product. This procedure is demonstrated
in the sequence of photographs in Figure A-! and in the flow diagram
of Figure A-2. The steps involved in the silulant production are as
follows:

i. The mixer is preheated and the carrier loaded and heated.

2. 7he isotope and binder are added to the carrier via lances.

3. The wet simulant is dried in the mixer.

4. The dried simulant is dumped from the mixer to the belt
conveyor, which carries it to the bucket elevator and
on into the meteririg hopper,

5. The dried simulant is loaded.into.pans.

6. MThe pans are pushed into.the furnace where the dried
simulant is baked.

7. The pans are removed from the furnace and'left on the
skid rails to cool.

8, The simulant is dumped into the roll-grinder teceivlng
bin,

9. The simmulant is fed.through the roll grinder to the
final hopper,

A-1. Simulant Production EquipMent.

The various pieces of equipment and their operation are des-
cribed in some detail below.

A-1.1 Simulant Mixer.

The simularit materials are initially combined in a heavy-duty
concrete mixeti of the type usually mounted on trucks. The mixer is
fitted with internal resistance heaters. and a port in the butt plate
for admission of either the lances or a forced-draft heater., A loading
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port is. provided, on the periphery of the plate through which the
carrier material is admitted. A filtered exhaust fan and cleanout trap
are attached to the loading end of the mixer. The sand is emptied from
the mixer by means of a modified chute-type unloader.

The mixer loader consists of a belt conveyor, collecting bin,
and dump pipe The dump pipe is ixiser~ed into the mixer through the
loading port and the carrier material, which is carried by the belt
conveyor to the collecting bin, is gravity fed through the dump pipe
into the mixer,

The lances provided for the applications of the isotope and
the silicate binder are quite similar, consisting of two pipes sealed.
through a metal disc which.. can be fitted over the port proiided in the
butt plate. The outer ends of the pipes are fitted with hose connections,
the inner ends with an atomizing nozzle. Solutions pumped into the
lances through a feed line are atomized and deposited on the carrier
naterial in-the mixer by the-action of carrier gas released through
the nozzle.

A-1.2 Metering Hopper and Loading Seystemo

A belt conveyor and bucket elevator carry the simulant from
the mixer to the metering hopper. The simulant is poured directly from
the mixer unloadingchute onto a belt conveyor and dumped into a bucket
elevator which loads a metering-hopper storage bin.

The metering hopper is a known-volume bin fitted with sliding
closures at the top and bottom, and operated by a pneumatic ran. It is
gravity fed through an orifice from the storage bin. Once..full,.the
upper slide is closed and the lower slide opened, releasing.the metered
sand into 24 x 18 x 2-inch stainless-steel pans. The pans 1.oaded with
simulant are. pushed along the two skid rails by.a hydraulic ram to the
furnace. A roller conveyor is mounted at right angles to the furnace
feed line for the admissiqn of additional pansitc the line.

A-1.3 Furnace.

" The furnace consists of a firebox of fire brick having six
burners three.to a side - mountedapproximately 21 feet from the
floor of the" box. Diesel oil or similar fuel can be used in the burners;
Number 2 diesel oil was used during the current series. Atomizer air
is supplied by.a two-stage ccmpressor set to maintain a tank pressure
of from 90 to 120 pounds. A radial fan mounted on thefirebox supplies
comboustion air. Fuel is pumped from a tanker truck by a positive dis-
placement pump with a bypass set-for'a fuelpressure of 40 pounds. Both
fuel and atomizer air are manifolded to the six burnp.S Amd controlled
by individual needle valves at each burner.
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A Wheelco controller, in conjunction with a shielded thermo-
couple set high on the firebox side wall, controls temperature by
operating a solenoid valve in the fuel line. Firebox wall temperatures
above 1500OF will reignite l'Irners; below 1500OF the burners must be
reignited manually.

The firebox i" equipped with rails that mate to the two skid
rails at each end along which the loaded pans ride. It will accommodate
a maximum of seven pans at one time, The entire firebox is covered by
a hood which is connected to a blower housed inmediately under the roof
of the building and vented through the roof!

.A-i.4 Roll Grinder and Final Storage Hopper.

After the pans are removed froim the furnace, they are cooled
on the two skid rails and then dumped into a hopper by tipping the pans.
The hopper is fitted with a gear motor-driven roll grinder which pul-
verizes the simulant and deposits it into a final storage hopper.

A-2. Tracer Processing.

* The.lead cask containing the lanthanum wad unloaded from the
transport truck with a forklift and placed under an overhead crane that
operates on a track leading directly into the hot cell (see figure A-3).
The.lead. cask was attached to the hoist and transported' into the hot
cell where it was placed ona stack of concrete blocks to enable the
manipulators to gain-access to its interior.' With Red Wing Model 8
manipulators, the lidwas unbolted and removed from the cask and the
hot cell was then closed and-all interlock switches energized to pre-
vent anyone from accidentally gaining access.

With the manipulators, a special tool was inserted into the
cask to pick up the alurinum container and place it on a stainless-
steel table. Once on the table, the aluminum-wire sealvwas brokenrwith
a knife, and the lanthanum capsule wrapped in aluminum foil was removed
from the container. The capsule was then unwrapped, placed in a.cap.-
sule crusher, and transferred to a 600ýml beaker containing 200 ml of
0.1 N HCl and a magnetic stirring rod. When the capsule was broken, the
lanthanum oxide.was dissolved in the acid. This solution and the pieces
of quýrtz from the capsule were then poured into, a 300-ml graduate. A
small sample of from 0.1 to 0.5 cc was taken from the graduate and di-
luted with water in the ratio 1:1000 for assay purposes. When the di-
lution for assay was completed, a fritted glass filter was inserted into.
the 300-m4 graduate, and the lanthanum solution was filtered and trans-
ferred to a 1000-ml graduate by means of a Gast-Vacuum pump.

The 1000-mi graduate had been fitted with a ground-alass
Joint, Ito which wos fitted a male Joint consisting of one long glass
tube and two short tubes. The long tube extended to the bottom of the
graduate; one of the. short tuoes served as the vaicuum-pres sure line
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and the other as an input tube for the lanthanum solution andtthe
distilled water for rinsing purposes.

When the lanthanum was ready for spraying into the mixer, a
pressure of 5 psi was applied to the graduate, forcing the lanthanum
solution out into the tygon tubing, through the hot cell wall, and,
then into the spray lance at the mixer. The lanthanum solution was
fo.llowed by two 200-mA rinses of distilled water to flush the. lines.

A-3. Sodium Silicate Processing.

"The binder used in the. production of the fallout simulant was
sodium. silicate from the Fisher Scientific Company, The 40 degrees
Baume' solution of sodium-silicate was mixed with equal partd of water
in a large glass jar and then poured 'into a section of pyrex pipe
approximately '4 feet high and 6 inches in, diameter. Attached to each
end of this pipe. was a metal plate fitted with a ½-inch globe valve.
After the solution had been poured through the valve at the, top (while:
the valve at the bottom was closed), the bottom valve was opened and
air pressure of 16 psig was applied at the top valve to force the
mixture out the bottom, through the tygon.tubing, and into.the-spray
lance. The sodium silicate solution was applied to the sand in the
amount of 10 cc/lb of sand in the .mixer. After application of the
sodium silicate, one liter of distilled water was run through the
lines to clean out the silicate and prevent clogging of the spray nozzle.

A-4..: Leaching Tests.

Sand used for these tests was taken from the hopper containing
the radioactive simulant, and was gradied so that only that passing
through a 35Q-micron sieve and retained on a 297-micron sieve was used.
The soil, which was native to Camp McCoy and the immediate area, was
graded and passed through a 44-micron sieve.

Three samples were prepared for testing - one after 24 hours,
one after 48 hours, and one after 72 hours. Each sample was prepared
by mixing one gram of sand and one gram of soil with a glass stirring
rod and then adding and mixing in 0.25 cc of distilled water. Each
sample was placed in a 15-cc vial, sto;pered, and left to stand. After
the required lapse of time, the sample was placed under heat lamps to
dry. It was then placed in the Rotap and passed through an 88-micron
sieve to effectively separate the soil from the sand. The soil and the
sand were then placed in separate planchets and counted in an NMC Model
PC-3A proportional counter for 5 minutes .each. The results are shown
in table A-1.
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TABLE A-i

RESULTS OF LEACHING TESTS

Sample.. Type of Sample Counts/5 min % Leached

24-hr Native Soil (contr6l) 8,630
Radioactive Sand (1 gm) " 1,705,300 ".235
Leached Soil (I 9m) 12, 4 o4 0

* Background 318

'48- hr Native Soil (control)- 5,595
Radioactive Sand (1 gm) .1,142,080 0.26
Leached Soil (1 Em), 8,649
Background 510

72-hr Native Soil (control).. 3,884
Radioactive Sand (I gn) 762,'030 0.263
Leached Soil (1 gm) 5,950.Background I 345

A-5. Rotan Analysis of Silica Sand.

The silica sand (Weldron No. 5030) used in the test series
"was sieved on a Model SS-8 Novo'sieving machine to obtain a article "
size range of 150-3C0 microns. The data shown in Table A-2.are aver-
ages of four Rotap analyses of.l00-g. samples.

TABLE A-2

R',TAP A•2ALYSIS OF SIEVED SAND

N\ovo Screen Size- Amount Retained
Screen Number (microns) (gm)

42 350 .12.03

48 297 3C.38

OO 149 56.10

150. 105 * 1.21

170 * 0 C.10 .

325 44 0.18
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A-6. Tracer Loss .in Simulant Processing.

Loss of tracer material during .six simulant processing runs
varied..between 9.2% and 34.0% (see Table A-3). This was attributed to
activity left in the spray lines and on the walls of the mixer.

TABLE A-1

LOSS OF ACTIVITY DURING PROCESSING
(Material Balance)

Run Amount of Hot Cell On-Line Lose of Tracer

No. Sand Total Activity Sand Activity Material

(b) .(curies) .c/gm) i W
1., 500 17 50.7. 2 0.

2 250 18 125 20.0

3 250 5.3 47.2 30.0

4 25o 21.7 192 23.0

5 250 14.6 143 34.0

6 500 49.6 202 9.2

Water rinses were not used in Run No. 1, so that some activity
was left in the lines. Run No, 6 utilized two rinses, which, with
the 500 pounds of.'sand, reduced the activity sprayed onto the walls
of the mixer and. thus the amount of activity lost.
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APPENDIX B

HEALTH PHYSICS PROGAM

The function of the Health Physicists assigned to the testing
program was (1) to monitor'all work involving radioactive materials;
(2) tc provide personnel monitoring service as required; (.3) to study
the levels of environmental r~adioidtivity in and around the test areasJ
(4) tc maintain radiological surveillance over the grounds .buildlngs,
and equipment used in the program; and (5) to assist the operating
personnel in the safe completiOn of the required tests.

B-I. Job Monitoring.

All activities involving the use of radioactive materials were
-continuously monitored by Health Physics personnel. These activities
included the following:

Activity Range of Dose Rates

Unloading of La 40 shipments 40 mr/hr to 250 r/hr

Hot-cell operations (maximum - 185 mr/hr
outside the cell face)

Simulant plant operations 5 mr/hr to 35 mr/hr

Test-plot operations and 1 mr/hr to 2.5 r/hr
logistics exercise

During the simulant-plant operations, air was sampled contin-
uously both inside the building and at the exhaust stack. Airborne
radioactivity levels inside the building were generally less than 10%
of the MC for insoluble lanthanum-140 in air. At the. exhaust stack,
a maximum of 14% of the YPC (air) was produced over a period of 168 hours.
Respi-rators were worn whenever the continuous air monitor (CAM) reached
the alarm level (- 20,000 cpm), or when a rapidly rising concentration
was observed. During a.single simulant plant run; the dose to workers
was generally in the order of 100 mr, but on one occasion-reached 215 mr.

Typical Health Physics dose-rate measurements taken during the
test-plot operations are shown in Table B-1. During a full day of test-
plot operations, the dose accumulated by workers was, in general, less
than 1.00 m. Air samples taken downwind from the test plots during
several spreading and decontamination operations indicated no airborne
lanthanum-140 particles or dust. Even though no air hazard was evident,
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respirators were used by workers and observers in the immediate area"
of all- operations that produced dust, blown sniow, or vapor. With but
one exception,.these respirator filters did not become contaminated.

In order to establish certain areas as controlled-access
radiation areas, rope fences, improvised sign posts, and sawhorse-type.
barricades were placed ar6und the test areas and on certain access
rýoads to the test areas'. These fences and barricade6 were posted with
CAUTION: RADIATION A.REA.signs bearing the radiation symbol. Informa-
tion and instructions concerning these areas were published in the
Camp McCoy bulletin. .

B-2. Personnel Monitoring.

Owing to the nature of the work, radioactive contamination
of clothing, and in some cases men, was often .ecountered. While this

*contaminatiori was-sometimes as high as several millirem per hour on
boots and outer clothing, the physical form of the contaminant (large
sand particles) rendered it easily removable by brushfng or washing

'with plain water. In only a few instances - when the contamination
had become embedded in.grease or oil on coats, coveralls, or gloves -

was it necessary to store the contaminated items.

Radiation exposures and possible uptake of-radioactive
material by personnel were monitored through-the use of film badges,
pocket dosimeters, and routine radicoetric urinanalysis. Although
pocket'dosimeters are not entirely reliable or precise, they canbe
used as a quick indicator of accumulated exposure so that total doses
can be estimated andcontrolled. The dosimeters used at Camp McCoy
consistently indicated a dose 20% lower than that calculated from film-
badge.data, so that reliable estimationand. control of total doses was
possible. Reqords of accumulated exposures were based on film-badge
data alone.

Perscnnelexposures accumulated by the twenty permanently
assigned people (GD/FW employees, NDL observers, etc.) ranged from
C mr to 1451 Mr, the average exposure being 650 mr. These totals were
accumulated during the entire period of work with radioactive material,
i.e., from 16 December 1961 through 16 February 1962. Past exposure
histories of all the permanently assigned personnel showed that allow-
able exposures could have been as high as 3000 mr pet person per
calendar quarter.

Pre-operational urine samples from the permanently assigned
personnel ranged from C to 230 disintegrations per minute per liter
(P,y activity), with an average of 125 dpm/liter; post-operational
urine samples ranged from 0 to 440 dpm/liter, with an average of
166 apm/liter.
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Personnel monitoring service for the Army and Navy personnel
involved in the decontamination of the logistics complex consisted of
the use and analysis of GI/FW film badges and pocket dosimeters, U. S.
Army Signal Corps film badges, and pre- and post-operational urine
samples. The average exposure to these people was 56 mr. The maximum
dose was 335 mr and was accumulated by a man who assisted and observed
the simulant-plant run prior to the logistics exercise. This dose was
excluded from the average. One other film badge was omitted from the
average because of a processing error.. Pre-operational urine samples
ranged from 0 to 330 dPm/liter, with an average of 148 dpm/liter.
Post-operational urine samples ranged from 0 to 400 dpm/liter, with
an average of 108 dpm/liter.

SB-3. Environmental Monitoring.

Samples of soil, sub-soil, vegetation, water, and ice or snow
were collected once each month at various locations in and around the
test area. The on- and off-site sampling locations are shown in fig-
ures B-1 and t-2, and were chosen with regard to population density and
prevaillng winds. The data recorded from analysis of the samples col-

.. lected are presented in figures B-3 and tables Bw2 through B-6.

Environmental air samples were collected once each month at
Tomah, Kendall, Sparta,. and Black River Falls, Wisconsin, by local
authorities furnished with Staplex Hi Vol Air Sampler having GD/FW

*-7x9-inch filter heads. Particulate matter was collected from 1000 to
2030 cubic meters of air per sample during a 24-hour run at each station.
The maximum concentrat'ion detected was about 1012 " Lc/cc of unknown
emitters. This level is comparable to-levels of airborne contamination
in other parts of the country and is attributable to Russianweapons-
test debris. Decay studies (see figure B-4) indicate half-lives of

:approximately 60 days. None 'of the environmental samples showed the
presence of lanthanum-14C.

B-4.- Miscellaneoum -Activities.

Health Physics personnel acted as escorts for transfer of
activated lanthanum from Argonne National Laboratory to Camp.McCoy on
three occasions. ,

Ten cesium-137 sources of 500 mc each were checked, when they
arrived at Camp IMcCoy and found to be highly contaminated. A five-day
leak, test performed on them indicated that most of the sources were
leaking. They were, therefore, repacked in their original shipping
container and returned to the manufacturer. A letter reporting the
condition of-the sources was sent to the appropriate offices of the
USAEC pursuant to requirements of 10 CFR 20 (Code of Federal RegUlat.onR)
and GD/FW'M iaoto.p license. building areas, tools, and equipment used
in testing these sources were surveyed. All contamination was removed
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NPC 16,85

""I.B

1 .C

f/ • .I- K111-A

IB KENDALL

STATION LOCATION SAMPLE TYPES

I-A WYEVILLE CREEK WATER, SOIL,. SUB-SOIL, VEGETATION
.1-B BLACK RIVER FALLS RIVER WATER, SOIL, SUB-SOIL, VEGETATION, AIR
II-A TOMAH LAKE LAKE WATER, SOIL, SUB-SOIL, VEGETATION
I1-B WILTON CREEK WATER, SOIL, SUB-SOIL, VEGETATION
II-C TOMAH DRINKING WATER, AIR
Il1-A SPARTA LAKE LAKE WATER, SOIL, SUB-SOIL, VEGETATION
111-8 SPARTA DRINKING WATER, AIR

IV-A MELROSE RIVER WATER, SOIL, SUB-SOIL, VEGETATION
IV-B CATARACT CREEK WATER, SOIL, SUB-SOIL, VEGETATION

KENDALL AIR

FIGURE B.2 OFF-SITE ENVIRONMENTAL SAMPLING
LOCATIONS
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FIGURE 1-3 RADIOACTIVITY" OF ENVIRONMENTAL SAMPLES
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(c) VEGETATION SAMPLES (ASH) c ,s
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FIGURE B-3 (CONT'D)
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TABLE B-2

RADIOACTIVE CONTENT OF SOIL SAMPLES
(6 c/gm)

Station November' December January February-

I-A 348 * 2.95 7.37 * 5.76 7.37:- 5.88 0 1.94I-B + 2.55 45.50 f 6.51 16.08 ± 5.95 8.33 2.26
I- C 9.54 *2.51 8,71 * 5.16 12.70 ± 5.98 +476 ± 2.58

Il-A 44, •6 + .306 26.80 * 6.16 - - 18.2 ± 2.54
II-B 33.89 f 2.79 21.40 f 5.70 26.10 ± 6.29 12.7 ± 2.2
II-C 1 +152 t 2.18 0 * 7.14 22.10 t 6.07 10.2 ± 2.:NIII-A 8.85 ± 2.46 - 50.30 ± 6.69 15.4 ± 2.52

Ill-B 4.62 ± 2.22 - - - --III-C 10.90 ± 2.53 13.40 * 5.41 0 ± 5.65 3.4 ± 2.44
IV-A 11.76 ± 2.52 5.36 * 5.69 38.90 ± 6.50 -IV-B 17.29 ± 2.51 6.05 ± 5.14 114.o ± 6.03 5.45 ± 2.57
IV-C 2.72 t 2.43 10.05 +k 5.43 1.7.42 t 6.09 18.1 ± 2.57IV-_E 0.68 t 2.29 32.80± 5 .87 - " . -

Average 15.64 * 2.54 16.13 t 5.84 20.50 ± 6.12 9.66 ± 2.444.

TABLE B-3

RADIOACTIVE CONTENT OF SUB-SOIL SAMPLES
(lipC/gm

Station November December January February

I-A 36.78 * 2.99 2.64 ± 5.18 0 ± 5.61 4.08 + 2.44
I-B 1.50 * 2.48. 24.i0 ± 5.74 28.8 ± 6.22 4.05.± 2.34I-C 4.84 ± 2.44 0 ± 4.92 8.71 ± 5.92 0 ± 2.54

Il-A 16.09 ± 2.53 12.70 ± 5.46 -
11-B 27.44 ± 2.72 36.20 ± 6.00 21.44 ± 6.17 3.37 t 2.36II-C 0 ± 2.20 3.34 ± 5,25 42.20 ± 6.49 3.6 t 2.42
11-A 2.04 ± 2.43 - 6.03 ± 5.64 0 ± 2.51III-B 0 ± 2.43 - -
IlI-C 0 ± 2.33 0 ± 5.09 0 ± 5.70 1.36 5 2.24TV-A 6.04 ± 2.37 16.10 t 5.56 22.1 ± 6.19 3.74 ± 1.90IV-B 0 ± 2.20 12.70 ± 5.46 14.1 + 6.03 --. 71 ±2.35

IV-C 0 ± 2.19 2.64 ± 5.18 - - 0 ± 2.51
Average 7.89 ± 2.44 11.04 ± 5.39 15.93 ± 5.70 2.48 t 2.36
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TABLE B-4

RADIOACTIVE COfTENT OF VEG•TATION SAMPLES

Station November December January February

I-A 7062.6 ± 55.9 3513 78 6)431 95 3172* 44
I-B 4519.6 ± 33.4 7260 -101 1754 56 2665*34
I-C 2862.6 ± 27.3 3683 + 72 2318 t 62 2232 32'

II-A 5057.7 ± 34.2 11 690 ± 105 - -

Il-B 3326.5 ± 37.6 3860 ±7 27j34 66 1219 .* •.9
Il-C 0466.6 + 34.8 3010 ± 65 2288 ± 61 1079 t 35

III-A 2115.3 ± 33.6 4460 * 119 1311 * 50 66095 ±1256"
III-B 2898.2 + 39.4 6 1 1
111-0 52 9.0 0 38.3 2 843 9 7 8o80 t 14
III-D H613.0 60.7 "9•10 +Ig 4398 1 80 1565 ± 22
IV-A 3851. 2 1670 54 4405 ± 57
IV-B 8.3 26. 8100 58 17993± 155 54o t i'
IV-C 028.6 58.U4 2770 *70 1)4) ±52 643 ± 12

Average 4623.8 - 39.2 4733 - 99 4108 ± 78 1861 . 31

TABLE B-5

RADIOACTIVE CONTENT OF WATER SAMPLES
(gILc/liter)

Station November December January February.

I-A, 11.26 • 17.44 0 4 40.08 -

i-B 51.53 ; 17.58 13.85±41.56 6.94--±41.7 *26.62 18.06
I-C 37.77- 17.97 0 41:5.5 28.15 * 41.56 0 * 17.15

I1-A 26.53 17.29 - * - - -
II-B 4.14 18.08 112.7 39.1 - " * 6 -.
I1-C 0 * 17.12 0 ± 36.24 - 16.5 18.22
1I-D 0 * 17.15 18.0 ± 42.0 0 * 40.70 3.36 * 16.97

III-A 0 * 16.73 21.78±141.45 .87 -1
III-B 3.58 16.61 0 ± 42.5 0 38.65 8.27 1775
lIZ-C :;.7.26 ± 17.55 42.7 ±140.5 33.78 * 40.90 3.60 ig.6o
III-D 20,92- 15.17 20.3 ± 39.0 3.44 * 41.13. 39.32 * 17.20

IV-A 57.77 17.94 - - * - - * - - *
IV-B 3.422 16.34 - -*
IV-D 6.82 16.34 107.66±39.271 46.24 , 42.22 0 1 17.52
IVE•• 10.25 1-5.30 63.1 ±148.11 10.47 4 11.74 0 P •0.17

Average 16.08 A 16.97 33.34±141.07 16.13 *41.1 10.86 . 18.11

*See Table B-6
121
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I
TABLE B-6

RADIOACTIVE CONTENT OF SNOW AND TOE SAMPLES

Station November' December January February

I-A .- - - 1234.23±+57.9 .152.96*159.69

II-A - - 375.0 t47.25 - 208.03* 67,16
Il-B - - - - 4101.35 ± 84.65 506324 3*753.66

Il-A -- 2387.39±70.37 +104. 14 *231.73
IV-A - 1087.411 49.05 1273,. ±58Z40 2095.49'*253.1d
IV-B - - 207.2 _42.2 .3207. 20 94 0 60.95+ 89.83.

a-
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from the building areas (floors, etc.), and tools and waste were either
decontaminated or stored for future disposal.

B-5. Release of Areas and Equipment.

At various intervals after the conclusion of the test pro-
gram, samples were taken from the piles of debris accumulated during
the decontamination of.test plots and complexes. Radiation surveys
were made and smear samples were taken on all contaminated or suspect
machinery, equipment, and buildings.

"While decontamination debris analyzed early in February c6n-
tained thousands of disintegrations per minute per gram, by the end of
February similar samples contained on the order of one disintegration
per minute pei' gram.

The oontamination of heavy equipment (trucks, graders, tractors,
etc.•, which read as high as 4 mr/hr following an unsuccessful decon-
taminatIon attempt early in February, was reduced .to undetectable dose
"rates by. February 22nd. All heavy equipment was returned uncontaminated"
to the equipment pools at Camp. McCoy.
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APPENDIX C

RADIATION DETECTION EQUIP1NT

Three instruments were' used to measure the radioactive
simulant: the Automatic Detection System, designed and built at
GD/FW; a Model 2586 Cutie Pie, manufactured by Nuclear-Chicago
Corporation; aid a ModelE-200A Geiger-Mueller tube, manufactured
by the Eberline Instrument Company. The Automatic Detection System
was used to make continuous scans at 10-ft intervals across the test
-plots. The other two instruments are hand-portable and were used in
all other tests.

C-1 Automatic Detection System.

The Automatic Detection System, shown in figure II1r5, con-
sisted of an anthracene scintillation detector (ASD) and a traversing
mechanism that enabled the detector to make a continuous scan while
moving across the test plot at a giyen height above the surface.
Figure C-1 is a reproduction of a scan made on the X-Y recorder which
illustrates the high degree of reproducibility of the system.

The instrumentation for the Automatic Detection System, or,
scanner, is shown schematically in figure C-2. A heated trailer was
provided to protect the high-voltage power supply, micrcmicroaimeter,
and X-Y recorder from the cold weather and to facilitate transporta-
tion of these components from one test plot to another.

C-I Anthracene. Scintillation Detector.

The ASD..was designed -and built at GD/FW. It is made up of
an anthracene crystal 2. inches in diameter by 2 inches thick, a
General Electric 5819 photomultiplier tube, and the necessary compo-
nents to produce a current. -A lead collimator, also nmade at GD/FW,
was placed over the crystal on the ASD so that with the detector at
a height of 12 inches 1t would be sensitive to an area on the ground
12 inches in diameter.

The energy response of anthracene to. gamma rays with energies
greavter than 0.2 Mev approximates that of tissue. The photons produced

*.in the crystal are transformed into electrical pulses by the photo-
multiplier tube. These pulses are then integrated by an RC circuit and
the resulting current measured by a micromicroammeter.

U-1.2 Micromicroammeter.

The overall range of the micromicroammeter (Convair Model

IMM4A-1) is 10 x l108 to 10 x 10-11 amperes... In the range of from

lx0 06 through 3 x 10", the accuracy is 2%; in the range of from
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FIGURE C-1 WEORDING SHOWING REPRODUCIBILITY

OF THE SCANNER
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10 x 10-8 through 10 x 10,1- the accuracy is 4%.' The input impedanoe
is dontrolled by negative feedback from the output, so that the voltage
drop across the input terminals is less than 5 millivolts for full-
scale meter deflection.

The zero drift is less than 2% of full scale in an 8-hour
period when little or no warm-up time is allowed. ..After a 2-hour
warm-up,. the drift is one-half to one-fourth of this amount.

C-1.3 X-Y Recorder.

The output of the micromicroammeter is fed to the x-axis of
a Sylvania X-Y Recorder, type B-281, which is a flat-bed'model de-
signed for high-speed analog recording and plotting on graph paper.
The..sensitivity ranges from 0.1 to 10 volts/inch, with a static accuracy
of 0.15% full scale and a dynamic accuracy of 0.2% at 6 inches/second.
The pen speed (y-axis) of thereborder is 20 inches/second and the
carriage speed (x-axis) is 25 inches/second. The recording area is
'0 by 15 inches.

C-1.-4 Potentiometer and Power Pack.'

A 10-turn, 2000-ohm potentiometer with a linearity of 0.1%
was used to drive the x-axis of the recorder. The shaft of the poten-
tiometer was coupled to the traversing mechanism in such a way that the
output voltage from the potentiometer to the recorder was directly
proportional to the distance traversed.

"C-1.5 'Traversing Mechanism.

A traversing mechanism for holding the anthracene scintilla-
tion detector (ASD), collimator, and potentiometer was.designed and
built at GD/FW. This apparatus, consisting of a triangular truss sup-
""ported by an A frame on either end, is approximately 21 feet in length
and 6 feet in height. A carrier, which holds the ASD, collimator, and.
detector cables, travels the 20 feet on the underside of .the truss and
is operated by an endless cable on a drum from one end of the frame.
A source made of two CoS0 foils was used to standardize the ASD.

The detector high-voltage (RG-59 coaxial) and signal-current
(aicrodot low-noide coaxial) cables were restricted to a length of
undaer 2C0 feet because of the micromicroammeter.

C-2 Cutie Pie.

A Nuclear-Chicago Model 2586 Cutie Pie survey meter designed
for measurement of±beta and gamma radiation was, used in the logistics
exercice.. This, buttery-powered instrument is entirely self-
contained.- Its plug-in ionization chamber. has a sealed section that
contains the sensitive electrometer circuit. The cylindrical ionization
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chamber has a volume of 500. cm" and is equipped with an end-window
having..a density of less, than i mg/cm8 . -This window allows entrance
of beta particles. A slip-on plastic window shield is supplied with
the instrument and is used when measuring .gamma radiation.

The meter has three linear full-scale ranges -. 25, 250, and.
2500 mr/hr -,and.a calibration accuracy of *O% of full scale on all

* ranges... The time-constant response is less than two seconds on all
ranges. Instrument warm-up time is one minute for a meter indication

. with±n 2% of equilibrium value. Zero drift id less than 5% of full
scale for eight hours of operation after the initial warm-up period.

C-3 Geiger-Mualler'Siurvey Inatrument.

An Eberline Instrument Company Model E-20A Geiger-Mueller
tube survey instrument was also used in the logistics exercise'. This
portable, battery-powered instrument is entirely self-contained. The
G-M tube is mounted in a probe that has. a movable shield for beta or
gamma radiation measurement. The instrument has six full-scale
ranges:. 0.1, 1.0, 10.'0, 0.2, 2.0, and 20.0 mr/hr. The time constant
response is adjustable by means of a meter response control. The
calibration accuracy is *10% ofý full scale on all ranges.
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APPENDIX D

.METEOROLOGICAL PROCEDURE AND DATA

A resume of meteorological conditions affecting the test
operations during. December of 1961 and January and February of 1962
is given below:

Temperature ( 0 F) Snow (in.)
Period ISnow- Mean Wind

IMin Max Mean Fall Depth

December 3-31 -22 59 17 8 6.0 Light

January 1-31 -24 40 11 1 5 5.3 and

February 1-12 -13 44 15 0.8 4.5 Variable

The mean monthly temperatures were six to nine degrees below normal
for the period indicated and precipitation was several inches below
normal. At La Crosse, 45 miles to the west, .the.snowfall was the
second least amount (1.9 in.) on record for'January.

Winds at the test site were generally light ard variable,
the velocity rarely.exceeding 15 mph. During a calm or a-lightrwind
condition, there was nocturnal drainage of cold air from the sur-
rounding hills to the floor of the Camp McCoy basin.. This caused
cockets of re-atively colder air in low-lying areas. As much as a
130 temperature differential was observed between measurements taken
simultaneously at two different locations within the reservation.

Camp temperatures were taken at Fire Station No. 1, about
one mile from the test site. Continuous recordings were made by a
Tay'or recorder, which had been checked and calibrated by the U. S.
Weather Bureau. The sensor vias positioned near the eave, where it
was shielded from the direct rays of the sun; however, it was apparent
that when the air wvs calm, heat radiating from the warm building con-
tributed some error'to the true air temperature readings. A comparison
of air temperatures measured at the Fire Station and at the Test Head-
quarters (Bldg. 230) by a hygrothermograph is shown in figure D-1.
Daily temperatures for the test period are given in figuree"D-2 and
D-3.
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It was observed that frequently the temperature of the test
surface (snow, bare ground, concrete, etc.) was different from that
of the air about four feet above the ground. This,"discrepancy" was
due to the difference between the heat capacity of air and that of
the solid surface, as well as to warm orcold air advection. A
measurement of. the temperatures of surface materials and air under
various conditions over a period of time was made by utilizing copper-
constantan thermocouples as temperature .sensors at various locationsI
and a Brown recorder to provide a continuous record of data. Tempara-
tures obtained in this way are tabulated in table D-I for a 24-hour
period and plotted in figure D-4 for a 48-hour period.

The temperatu~r profiles and tabular data show the importance
of properly describing the method of temperature measurement; wide
variations of readings may occur, depending on environmental conditions
and the location of the sensor.

""During test operations,.the surface tempieratures were obtained
by placing two thermometers face u4 on the, snow (ground or roof).. Air
temperatures were measured by thermometers mounted on the scanner
traverse frame. The air temperature measurements were compared with
those rocorded at Fire Station No..1, the UgWB.official camp tempera-
ture. Except for differences due to insolation or shadow effects,.the
readings were usually within two or three degrees.

Wind velocity measurements were made with an anemometer
mounted atop building 645 with readout on a White windspeed indicator.
Snow density measurements (table D-2) were made-by obtaining a sample
in a graduated plastic cylinder and weighingit.,
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"TABLE D-1

AIR AND SURFACE TEMPERATURES NEAR BUILDING 447
S(oF)

Time Location of Thermocouplest

Day A B . C D E

6 Feb 1962

14oo 5 2 4 -1 5
16oo 4 1 7 0 4
1800 3 -3 -4 -7 -4
"2000 1 -9 -14 -15 -12

2200 -1 -9 -16 -17 -16

7 Feb .196.2

0000 -2, -9 -17 -18 -13
0200 4 -11 -.17 -.18

0400 -4 -11 -17 -18 -15

o6oo -3. -10. -17 -18 -16.-

0800 -.1. -7 -13 -13 -10
1000 0 4 20' 7 24
1200 9 13 16 10 18"

A. Buried four inches deep 1h snow'

B. On surface of snow under block of wood.

C. 6n snow surface without Shield.

D. Mo'nted in air four feet above surface with a white
paper .shield.

E. Mounted six inches ffrom wall . f heated building at a
position four .feet from ground and exposed to sunlight.
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.. TABLE D-2

SNOW DENSITIES DURING TEST PERIOD

Air
Date Temperature Snow Depth Snow Density96(F)( in. ) (gm/mA)1962 "67 oF ) "'

Jan 5 27 6.2 0.239

10 6.0 o01 255
11 16 6.o o.265
15 9 6.o .0.270

20 2 5.5 0.281
"25 .34 4.5 0.320

26 35 4.o 0.330
31 8 4.2 0.402

Febi 1_l 3 .4.7 0.380
2 23 4,9 0.346

3-4 20 to -44 Thawing

6 1 3.2 0.376
15 .19 5.5 (Packed) 0. 310

0.65 (Loose 0.190
snow)

All measurements except those made on February 15 were made
in the open field area near Building1447. There was no
appreciable drift during period. Air temperatures were
measured at the iAme samples were taken.

The February 15th measurements were made in a wooded area'
near Building 447 where the shielding citudy was: conducted.
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I
APPENDIX E

TEST-PLOT DECONTAMINATION 'DATA

The test-plot, decontamination data are presented in t4bles
E-l through E-42. The, tables are arranged in the same order as data
presented in table Ii-3.

The test-plots, with the exception of the roof and the bare-
concrete plots, measured 20 by 100 feet. Each scan (represented by a
scan number in the .tables) was made across the center of a 10-foot-wide
strip, making a total of 10 scans per plot. The anthracene scintillation
detector (ASD), used to measure the contaminant intensity, was sensitive
to a 1-fTot-wide stri½ as it was traversed. A complete description of
the scanning equipment and instrumehtation is given in Appendix C.

The bare-ccncrete plot measured 20 .by 60 feet and.required
oniy 6 scans. The roof plots were scanned by hand, with a.portable.•
sarvey meter at a probe height of 3.0 feet.

The radiation 'evl-values and speciTic activity of simulant

Wave been corrected-for'decay to the ttmeof contamination. Averages
are given with a 90% confidence interval.

ji
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TABLE E-1

TEST-PLOT DECONTAMINATION DATA

10 Jan 1962

'EUPMENT:, Mechanical Sweeper SURFACE Bare Ground

TemperatWure (OF)
..Air -.6. Surface -4" ., Oontamination Level 6.5 *0.2 ý,c/gm
Median Time oIition--evel 4 4.0 *24.2 gm/ftc
* -.Contamination 1021 Activity Level 0.286 mc/ft 2

Decontamination 1050 Dose Rate tb Operator 27 mr/hr
Time to Decontaminate 2160 min Operator Time.- !0.043 man-hours

SCAINNER. DATA

S an Co0tamiination Decontamination Activity
no. -i-adidtioI2 radiation removed

level* ieve!: ()

1 29.7 1.10 96.3

2 2.5.9 2.36 90.6

* . 3 25.9 . 1.04 96.0

4 28.7 0.74+:,

5 23.1 1.02 95.6

.6 *26.8 .1.98 , 92.6

7 29.2 3.55'. 87.8

8 21.8 5.16 76,3

9 27.0 9.08 ' '66;4

10 14. 6., 5.73 60.8

AVERAGE 25,'3 +2.6 86.0 k7.8

* Values are proportional to the radiation intensity.
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TA13LE E-2

TEST-.PLOT DECON~TAMINATION DATA

23 Jan 1962

EQ.UIPMEN~T MechanicgJ. Sweeper SUR~FACE Bare Ground

Temperatu~re (OF)
Air 22 Surface zo Contamination Level 167 tcgm
Med~ian.Time of: . . Delrosition Level 40.,8 gm/ft2

ContaminatioA' 1308 Activity Level 0.681. inc/ft2

Decontamination 1327 Dose Rate to Operator .40 mr/hr
-Time to Decontaminate 1.50 min Operator Time 0.025 '.man-hours

SCANNER DATA

Scan *. Contamination Dpcontamination .. Activity.
no. .3ýadiatlon . radiation removed

Ievel* . level*()

1 54.1 1.83 96.6

2 63.2 3.65 94.2

3 60.2 3.91 93.5

.4 61.1 5.72 90.6

5 63.9 7. 09 88.9

6 9797.96 91.9

7 59.2 6.75 88.6

8 62.3 8-52 86.3

9 64.3 9.22 85.7

10 61.7 7.74 87.5

AVERAGE 64.8 *7.0 90.4.*2.1

*Values are proportional to the radiation intensity.

Appendix E 109



TEST-PLOT DECONTAYJNATION DATA

5 Jan 1962

EQUIPMENT Mechanicdl Sweeper SURFACE Bare Ground

Temperature (OF)
Air 26 Surface 2 Contamination Level 0io3 *3.6 ac/ig
Median Time of : Deposition Level 4 7. L12.a gm/ft2

Contamination 1518 Activity- Level m0.48Z c c/ft2

Decontamination .1536 Dose Rate to Operator _.50" 'mr/hr
Time to Decontaminate . min Operator Time 0.089 man-hours

SCANNER DATA-

" Scan Oontmination 'Decontamination Activity
4no. radiation radiation removed

level* level* M(J.

1 19.1 2.47 87.1

2. 26.0 4.61 82.3
3 . 30.6 4.72 84.6

4 31.6 4.99 84.2

5 29.4 4.66 84.2

6 43.84 85.

7 30.0 4..C 86.3

"8 28.4 2.76 90.3

.I9 33.4 3. 0 2'91.0

•i 20.2 2.01 90.1

AVERAGE 27.2 +2.7 86.6 41.7

Values are proportional to the radiation intensity.

Appendix E 110



TABLE E-4

TEST-PLOT DECONTAMINATION WTA i

17 Jan 1962

EQUIPMENT Vacuum Sweeper SURFACE Bare. Ground

Temperature (OF)
Air -15 Surface -14 Contamination Level 16.4, k2.i .Ig/
Median Time of: Dep6iition Level 54.1 i 24.3 gm/ft 2 .

Contamination 016 Activity Level 05 mc/ft2

Decontamination 0615 Dose Rate to Operator . 40 mr/hr
Time to Decontaminahte _1. min Operator Time 0.025 man-hours

S CA21NER DATA

-Scan Contamination Decontamination Activity
no. radiation radiation removed..

"level* level* (%)

1 35.1 4.o9 88.3

2 53.1 .7.52 85.8

3 64.5 8.20 87.3

4 68.3 6.77 90.1

5 67.2 9.50 85.9

6 .- 73.2 8.75 88.0

7 70.9 7.35 89.6

8 68.0 6.95 89.,8

9 65.5 8.47 87.1

lO 67.7 , 8.06 88.1

AVERAGE 63.4 *6.6 88.0 :k:0.9

Values are proportional to the radiation intensity.
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• I
TABLE E-5

TEST-PLOT DECONTAMINATION DATA

30 Dec 1961

EQUIPYMenT Vacuum Sweeper SURFACE Bare Ground

"Temperature (IF)
Air . 18 Surface 18 Contamination Level Z.5- ±.8 gc/gm
,Medija Time of: Deposition Level 34.6 k29.1. /ft 2

Contamination 1220 Activity Level 0.258 mc/ft 2

Decontamination 1443 Dose Rate to Operator 19 mr/hr
Time to Decontaminate 4.00 mi Operator Time 0.067 mam-hours

SCAIMEH DATA

Scan Contamination Denontamination Activity
no. radiation . radiation removed

level* level* (%)

1 16.2 9.58 , 40.9

2 17." 9.10 ,46.8

3 . 21.8 11.90 45.4

19.6 12.32 37.2,

5 26.1 15.38 4i.1

6 23.3 13.66 41.4

7 i8.8 16.,o6 14.6

8 24.5 13.81 . 43.6

9 24.5 12.82 47.7

Io 17.7 11. 80 .33.3

i .10.6 8.93 15.8

AVERAGE 20.0 *2.5 37.1 *6.4

* Values are proportional to the radiation intensity.

REMARKS: Vacuum sweeper broke down at 1230, but was rewaire~l bpfore
decontamination.
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TABLE E-6,.

STEST -PLOT' DECONTAMINATION. DATA •

5 Jan 1962 .

EQUIPMENT Vacuum Sweeper SURFACE Bare Ground

Temperature (4F)
Air 26 Surface 27 Contamination Level 82.5 z2.3 - c/g
Median Time of: Deposition Level .53.8 *2.2 gm/ft2

Contamination 1410 Activity Level 0.45d mm/ft2

Decontamination =M __ DoseRate to Operator 1 - mr/hr
Time to Decontaminate 4.00min Operator Time 0.067 . man-hours

SCANNER DATA

Scan Contamination Decontamination Activity
no. radiation -radiation removed

level* level* (%)

1 18,9 5.31 71.9

2 29.2 7.,52 74.2

"3 .28.2 8.80 *68.8

4 32.0 9.22 71.2

5 33.5 12.71 62.0

6 32.7 10.57 .67.7

7 32.5 6.40 80.3

8 31.3 8.70 72.2

9 28.4 10.48 63.2

10 30.0 9.56 68.1

",AVEAGE 29.7 12.4 70. 0 :E3. 1

* Values are proportional to the radiation intensity.
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TABLE E-7

TEST-PLOT DECONTAMINATION DATA

10 Jan 1962

EQUIPMENT Motor Grader SURFACE Bare Ground

Temperature (OF)

"Air 3 Surface -1 Contamination Level 6.0 0. c/
Median Time of, Deposition Level 47.3 18.4 gm/ft4

Contamination 1154, Activity Level O.28• mc/ft 2

Decontamination M21 Dose Rute to. Operator 15 mr/hr
Time to Decontaminate 10.00 mn Operator Time 0.167 man-hours

SCANNER DATA

Scan Contamination Decontamination Activity
no. radiation radiation removed

level* level* (%)

1 25.4 22.8 -10.2

2 27.9. 24.4 12.5

3 35.6 27.4 23.0

432.6 19.1 41.4

25 4.0 36.5 -52.1

6 29.6 23.3 21-3.

7 26.7 24.4 8.6

8 25.9 28.1 -6.5

9 20.9 24. 5 30.6

10 29.5 23.2 21.4

AVERAGE 27.8 *2.4 10.8 115.0.

* Values are proportional to the radiation intensity.

REMARKS: Ground was frozen too hard for blade to penetrate.
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TABLE E-8

TE8T-PLOT DECONTAMINATION DATA

20 Jan' 1962

EQUIPMENT Fire Hosing SURFAOE Bare Ground

Temperature (OF)
Air 0. Surface -1 Contamination Level
Median Time of: - . Deposition Level gm/ ft

Contamination 1130 Activity Level 0.357 mc/ft 2

"Decontamination 1212 Dose Rate to Operator 12 mr/hr
Time to Decontaminate Z.25 min Operator Time 0.483 , man-hours

"SCANNM DATA

Scan Contamination Decontamination Activity
no. radiation radiation removed

level* level*

1 31.7 7.62 ,- 75.9

2 35.9 6.75. . 81.2

'3 31.6 11.72 62.9

4 35.0 9.42 73.1

5 40.4 25.34, 37.3

636.1 17.92 50.•4

7 -33.8 20.19 40.3

8 . 42.2. 27.02 36.0

9 30.2 21.55 28.6

10 32.6 2.7.30 .16.3

AVERAGE 35.0 12.2 50.2 :E12.8

* Values are proportional to the radiation intensity.

REMARKS: 1. Fire hose had a 2.5-inch nozzle with a 1-inch bore.

2. Frdur .=n w.rk-a". i-jmuLanously for y. minutes.
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TABLE E-9

TEST-PLOT-DECOWTAMINATION DATA

19 Jan 1962

EQUIPIVZT Fi~re Hosing SURFACE Bare Ground.

Temperature (OF).
Air 4 Surface .10 C6ntamination Level 10.1 bIclggm
M~edian Time-of: .. Deposition Lei.el 'S ý. 6 /Lt2

Contanmination 1446 Activity Level 0.4 mc/ft'
Decontamination 155 .Dose Rate to Operator 15 mr/hr

Tire to Decontaminate _.LOOmin Operdtor Time 0.600 man-hours

SCANNER DATA

IcnConteamination Decontamination T Activity.

no. I radiation radiation removed.
level* . level* W%

30.9 22.8 .26.2

2 4.17.2 15.3 67.6

3 51.8 15.8 .69.5

47.1 14.2 70.0

5 35.7" 12.9 63.9

6 47.5 .6.4 86.5

* 7 48.5 33. 31.8

8 36.2 20.0 44.8

9 44.0 19.1 56.6

1-22.3 14.2 36.3

AVRGE4.1 *5.5 55.3 *L1.4

*Values a~je proportional to the radiation intensity.

R72ARKS: 1. Fire hose had a 2.5-inch nozzle with a 1-inch bore.

2. ý'our men worked simultaneously for 9 minutes.
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TABLE E-1O

TEST-PLOT DECONTAMINATION DATA

6 Jan 1962

EQUIPMNNT Fire Hosing SURFACE Bare-Ground

Temperature (OF)
Air 20.. Surface 21 Contamination Level 14.1 ±4.4 i.c/gm
Median Time of: Deposition Level 43.7 22.2 /ft'2

Contamination 1143 Activity Level 0.618 Mc/ft 2

SDecontamination 1220 'Dose Rate to Operator 20 mr/hr
Time to Decontaminate 2.50 min Operator Time 0.167 man-hours

SCANNER dATA

Scan Contamination Decontamination- Activity
no. ..radiation radiation removedclevýel* level* M,() /

.2..'l 20.6 14.7. 28.6

2 30.6 23.6 22.9

3 40.1 34.0 15.2

4 40.8 31 23.8

5 447 38.5 13.9

6 46.4 . 41.8 9.9

7 44•.4 44.2 0.5
8 44.2 38.7 12.4

9 45.2 35.2 22.1

10 38,6. 37.8 2.1

AVERAGE 39.6 *4.8 15.1 "7.'O

* Values are proportional to the radiation intensity.

REMAR1S: 1. Fire hose had a 1.5-inch fog nozzle with an adjustable
bore.

2. Four men-worked simultaneously for 2.5 minutes.
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TABLE E-11

TEST-PLOT DECONTAMINATION DATA

24 Jan 1962

EQUIPMENT Rotary Broom Sweeper SURFACE Bare Ground

Temperature (OF)
Air 34 . Surface 33 Contamination Level 10.5.*0.3 pc/gs /
Median Time of: Deposition Level 51.4 d39.6 gm/ft-

Contamination 1444 Activity Level 0.m532 c/ft
Decontamination 1.510 .. Dose Rate to Operator 40 mr/hr•

Time to Decontaminate 1 min Operator Time 0.022 man-hours

SCANNMR ,DATA

Scan Contamination Decontamination Activity
no. radiation. radiation t removed

level* level* (,)

1 41.9 27.1 35.3.

2 54. 4 15.2 72..1

3 42.6 5.6 86.9

35.7 21.6 39.5

5 43.0 18.6 56.7

6 35.7 8.5 76.2

7 31.3 11.0 64.9

8 36.9 7.9 78.6

9 32.4 6.4 80.2

AVERAGE 39.3v,+4.5 65,6 111.3

* Values are proportional to the radiation intensity.
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TABLE E-12

TEST-PWT DECONTAMINATION DATA

.9 Jan 1962

EQUIPMERT Mechanical Sweeper SURFACE Bare Asphalt

Temperature (OF)
Air -11 Surface -8 Contamination Level 5.5 *0,2 pLc/gn
Median Time of: Deposition Level 41.4,719.4 9n/ft 2

Contamination 082 3 Activity Level 0.226 .nc/ft 2

Decontamination O55 Dose Rate to Operator 1l= mr/hr
Time to Decontaminate • min Operator Time 0.029 man-hours

SCANNER DATA

Scan Contamin~tion Decontamination Activi.ty
no. radiation radiation removed

level* level* (%)

1 17.7 1.24 93.0

2 17.6 1.35 92.3

3 20.9 1.35 93.5

"4 22.2 1.24 94.4

5 21.1 1.17 94.5

6 22.2 1.09 95.1

7 25.9 1.04 96.o

8 21.21 0.86 95.9

AVEAGE 21. 1 *.L5 9)4.3 -,O . 9

Values are proportional to the radiation intensity.
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TABLE E-13

TEST-PLOT DECONTADINATI0N DATA

30 Dee 1961

EqtJIPMENT Mechanical Sweeper' SURFACE Bare AsphLl1t

Temperature (OF)

Air 7 . Surf'ace 8 Contamination Level 4.6 ;3.1 ~c/gm
Median Time of: Deposition Level 39. :6.4ii/ft 2

Clontamination j ~ Activity Level .0.60. m/T 2c
Decontaminat ion 0931 Dose Ha~te to Operator 11 mr/hr

Time to Decontaminate 2. 5 min Operator Time 0.042 man-hours

SCANNER DATA.

Scan Contamiination Decontamination I Activity
no. radiation radiation* removed

level* level* (o

10.2 3.92 61.6

2 il3.81 65.7

3 12.2 ý3.46 716

4 32.8 3.43 73.2

5 15.2 3.65 76.0

6 _-6.2 3.84 76.3

7 1.03.73 7.3

8 >.84.2071.3

9 24.0 4.58 80.9

1C.1.2 .3.22 78.8

i1 8.2 3.59. 80.3

AVERAGE 14.8 ±-2.2 73.4 i1.0

*--Values are proportional to the radiation intensity.

REMARKS: Vkain brush mounting loosened as sweeper made its third
decontamination mass'.
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TABLE E-14

TEST-PLOT DECONTANINATION DATA

17 Jan 1962"

EQUIPNT Fire Hoeing SURFACE Bare Asphalt
Temperature ( 6 F)

Air 0 Surface -4 Contamination Level 16.6 *C.5 "g1 /
Median Time of:: .""Deposition Level 779,_8 _ 17,8 mft_ ___

Contamination - 17 Activity Level " 0.825 mc/ft 2

Decontamination 1619 Dose Rate to Operator 30 mr/hr
Time to Decontaminate 1Q.pjin Operator Time 0.700 man-hours

SCANNER DATA

Scan Contamination Dec9ntamination. Activity
no. radiation radiation! removed

level* le.vel* (.)

1 71..6 3.94 94.5

2 65.5 3.82 94.2

3 73.5 4.23 94.2

"4 98.7 7.29 92.6

5 76.3 4.62 93.9

"6. 83.o 7.70 90.7

7 72.2 1.66 97.7

8 67.6 6.92 89.8

9 85.3 8.91- 89.6

AVERAGE 74.7 d6.5 93.0 ol. 6

* Values are proportional to the radiation intensity.

REMARKS: 1. Fire hose had a 2.5-inch nozzle with a 1-inch bore.

2. Four men worked simultaneously. for 10.5 minutes.

Appendix E .121



TABLE E-15

TEST-PLOT DECONTAMINATION DATA

9 Jan 1962-

EQUMIPET Mechanical *Sweeper SURFACE Bare Concrete

Temperature (F
Air .- ! Surf~ace - Contamination Level 4.8 *0. ýc/
Medilan Time of: Deposition Level, -45.2_ *48.779'mft 2

Contamination 1218 Activity Level 0.215 It
Decontamination 1240. 'Dose Rate to-Operator 1.2 mr/hr

Time to Decontaminate .2,.Lmin Operator Time 0.012 man-hours

SCANNER DATA

Scan Contamination Decontamination Activity
no., radiation radiation remoVed

level* level* W.(%

±17.3 0o.86 95.0

2 21. 4 1.13 94.7

3 1-8.0 0.96 94.7

414.8 1.39 90.6.

r 17.6 0.90 94.9

6n 16 0.591.0

AVERAGE 1-6.6 *3.0 93.5 *:1.6

*.Values are proportional to the radiation intensity.

REMARKS-. Concrete plot measured 20 x 60 feet.
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TABLE E-16 .

TEST-PLOT DECoNTAMIAETION DATA

30 Dec 1961

EQUIPMENT Vacuum Sweeper SURFACE Bare Concrete
'Temperature (OF) (First Decontamination)

Air 18 _ Surface 16 Contamination Level 7.8 *3.1 •cia
Median Time .of: Deposition Level 32.3 *26.5 gm/ft 2

Contamination 1130 Activity Level 0.250 inc/ft2

Decontamination '"150 Dose Rate to 0perator 23 mr/hr
Time to Decontaminate 4.OO min' Operator Time 0.06 man-hours

-SCANNER DATA

.Scan Contamination Decontamination, . Activity
no. radiation radiation removed "

level* -level* W()

1 18.7 4.78 74.4

2 23.2 5.00 78..4

3 .19.1 -5.89 69.2

4 28.1 1.13 96.0

5 •34.8 2.93 91.6

AVERAGE 24.8 *6.4 81..9 *10.9

*-,Values are proportional to the radiation intensity.

REMARKS:.. Concrete plot measured 20 x 60 feet.
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TABLE E-16b

TEST-PLOT DECONTAMINATION DATA

30 Dec 1961

EQUIPEKNT Vacuum Sweeper SURFACE Bare Concrete

.-eIperature (OF) ;(Second Decontaminatipn).
AMr 18 Surfac'e 16 Contamin6tioft Level _yc/gmt
Median TiMe cf: Depcsition Level gm/ft

tontamination 1130 Activity Level _c/'t
Decontaminaticn 1516 Dose Rate to Operator mr/hr

Time to Decontaminate 9.00 min Operator Time 0.150 man-hours

SCANNER DATA

Scan Contamination Decontamination . Activity
nc. radiation radiation removed

level* evei* W

18.7 3.' 3 81.7

S23.2 .2.03 91.3

3 :9.1 3.25 83.0

28.1 3.24 88.5

5 34.3. L.01 88.5

AV--AGE 24. 8 ±6..4 86i6 b3.9

* Values are proportibnal to the radiation intensity.
"4-•MA.R: . Since theJ -.u'ant had been partlaily removed by the

first decontamination, the activity level was not known.

2. The operator time and efficiency index are based on
total time for two decontaminations.
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TABLE E-17

TEST-PLOT DECONTAMINATION DATA

19 Jan 1962

EQUIPMENT Fire Hosing SURFACE Bare Conarete

"Temperature (OF)
Air -1 Surface 0 Contamination Level :6 lg!
Median Time of: Deposition Level "t48.3- m/ft2

Contamination 1036 Activity Level . mc/ft2

Decontamination 1123. Dose Rate to Operator 6 mr/hr
Time to Decontaminate 10.00.min Operator Time 0.667 man-hours

SCANXE DATA

Scan Contamination Decontami t ion Activity
no. radiation radia~i~on removed

level* level*

1 31.9 4.4o 86.2

2 27.9 5.94 78.7

'3 ?7 8 6.44 76.8

4 ' '0.3 17.88 55.6

5" 28.8 ..36.57 -27.0

6 11.5 12.96 -12.7

AVERAGE 28.0 *6.6 .42.9 •4i.0

* Values are proportional to the radiation intensity.

REMARKS: 1. Concrete plot me'asured 20 x 60 feet.

2.. Fire hose had a 2,5-inch nozzle with a 1-inch bore.

3. Four men worked simiultaneously for"lO minutes.
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TABLE. E-!18

TEST-PLOT DECONTAMINATION DATA

20 Jan 1962

EQUIPYINT Fire Hosing SURFACE Bare Concrete

Temperature (OF)
Air 2 Surface 3 j Contamination Level 73 c/g
Median Time of: Deposition Level • 54.7 gm/ft"

Contamination 1440. Activity Level 0.399 c/ft,
Decontamination 1501 Dose Rate to Operator .6 mr/hr

Time to Decontaminate ýOmin Operator Time 0.233 -rsnhours

SCANNER DATA

Scan Contamination Decontamination Activity
no. radiation radiation removed

level* -level* (M)

..45.4 5.27 88.4

2 29.2 2. 95 89.9

3 .39.2 2.06 94.7

S32.1 1.42 95.6

5 38.2 1.36 96.4

6 32.9 1.77 94.6

VEAGE 36.2 E4.8 93.3 12.7

* Values are proportional to the radiation intensity.

REMARKS: 1. Concrete plot measured 20 x 60 feet.

2. Fire hose had a 2.5-inch nozzle with a 1-inch bore.

3. Four men worked simultaneously for 3.5 minutes.
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TABLE E-19

TEST PLOT DECONTAMINATION DATA

9 Jan 1962"

EQUIPMENT 'Mechanical Sweeper SURFACE Packed Snow

"Temperature (oF)
Air "-6 Surface -4 Contamination Level 4.1 +0-3 I•.L/g
Median Time of: Deposition Level 44.6 &18. gm/ft 2

Contamination 1357 Activity Level 0.2085 mc/ft 2

Decontamination F121 Dose Rate to Operator 35 mr/hr
Time to Decontaminate 1.25 min Operator Time 0.021 man-hours

8CAITNW DATA

Scan Contamination Decontamination Activity
no. radiation radiation removed

level* level*. (%)

1 25.5 1.32 94.8

2 21.9 0.35 98.4

3 20.2 1.83 90.9

-4 20.8 1.96 90.6

5 21.7 1.29 94.1

6 20.9 0.90 95.7

7 21.4 .0.47 97.8

8 17.4 *0.92 94.7

9" 17.3, 1.70 90.2

10 ;3.6 0.48 86.7

AVERAGE . 19.1 *3.5 93.- *2.1

Values are proportional to the radiation intensity.
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TABLE E-20

TEST-PLOT DECONTAMINATION DATA

"23 Jan 1962

EQUIPMENT Mechanical Sweeper SURFACE Packed Snow
"Temperature (OF)

Air 24 Surface 20 Contamination Level 14. .2 •/• n
Median Time of: .., Deposition Level 3,5 *26.. TP/ft2

Contamination 1446 Activ~ty Level 0.486 me/ft2,
Decontamination 1516 .. Dose Rate to Operator. 25 mr/hr

Time to"Decontaminate 2.00 min :Operator Time O.0•3 manphours

SCAN= DATA

Scan Contamination Decontamination Activity .-

no radiation radiation., removed
level*' level* M()

"" 35.6 2.38 93.3

2 48.7 3.9.31 92.0

3 67.2 3.16 95.3
4 73.0 3.94 94.6

5 40.1 2.45 93.9

.6 64.7 2.25 96.5

7 50.-1 3.65 92.7

8 61.2 3.36 94.5

9 62.5' 2.81 .95.5

1O 51.0 . 3.04 94.o

AVERAGE 55.'17.4.7 94.2 +0.8

Values are proportional to the radiation intensity.
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TABLE E-21a

TEST-PLOT DECONTAMINATION DMAA

.5 Jan 1962

EQUIPEVINT Mechanical Sweeper SURFACE Packced Snow

* Temperature (OF) (First Decontamination)
Air 2~4 Surface 26 Contamination Level 11.8 &3.8 g.c/gm
Median'Time of:- Deposition~ Level 473 2'*8 ft 2

*Contamination 1.100 Activity Level,. 5 mmc f t z
Decontamination 1117 Doss Rate to Operator 22 mr/hr

Time to Decontaminate 2.00 mini Operator Time O.033 man~hours

SCAINNER DATA

Scan Contamination Decontamination Activity
no. radiation radiation removed

level* le vel*(%

127.6 13.1 52.5

2 43.0- 15.7 63.5

3 31.5 14.1 55.2

432.7 .13.6 58.4.

5 28.8 13.1 54.4

630.9 13.6 56.0

*7- 20.3 15.7 22.7

826.9 *11.3 58. 0

9 20.9 *10.9 47.8

10 11.7 8.8 *211...

AVERAGE 2 27. 4 L4. 9 *49.3 :k8.2

*Values are proportional to the radiation intensity.

REMAPM~ Hopper was cleaned . out- and bru.she 6 were adjusted after
* this test.
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TABLE E-21b

TEST-PLOT DECONTAMINATION DATA

5 Jan 1962

EQUIPMENT Y~echanical Sweeper SURFACE Packed Snow

Temperature (OF) (Second Decontamination)
Air 24 Surface 26 Contamination Level _.c/_ _

Median Time of: Deposition Level gm/ft_
Contamination 1100 Activity Level. ' mc/ft 2

Decontamination 136 Dose Rate to Operator mr/hr
Time to Decontaminate 4.00 min Operator Time .0.067 man-hours

SCANNER DATA

Scan Contamination DecontaminAtion Activity
no. radiation radiation' removed

level* level* (•)

1 . 27.6 3.44 87.5

31.5 4.59 85.4

5 28.8 . 2.66. 90.7

,7 20.3 3.91 80.7'

9 20.9 3.90 '81.3

AVERAGE 25.8 L10.7 85.1 +4..o

* Values are proportional-to the radiation intensity.

REMARKS: -I. Since the simulant had been partially removed by the
f.irst d'econtaxination, the activity level wat not knbwn..

2. The operator time and efficiency index are based on
total time for two decontaminations.
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TA"B.EEE-22

TET-PLOT DECOTAMIATION DA

9 Jan 1962

EQhIýMNT Vacuum Sweeper SURFACE Packed Snow

"Temperature (OF)
Air "z Surface -8 Contamination Level 5.0 *0.2 e,/gom
Median.Time of: Deposition Level 3L C.jgft

Contamination .1250 Activity Level 0266 m /ftj

Decontamination 1606 Dose Rate to Operator 2 O mr/hr
Time to Decontaminate 3.00 mn Operator Time 0.050 man-hours

SCANNER DATA

icani Contamination Decontamination Activity
no. radiation radiation removed

level* ..level*

1 17.8 8.04 54.8

2 18.1 9.619

3. 18.5 8.03 56.6

4 19.6 8.58 56.2'

5 20.6 9.87 52-2.

6 19.3 8.00, 58.6

7 19.9 9.34 53.1

8 19.2 8.71 154.6

9 17.8 7.70 56.7

10 12.2 6.28 48.5

AVERAGE 18.3 *1.3 53.8 *2.2

* Values are proportional to 1he radiation intensity.
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TABLE E-23

TEST-PLOT DECONTAMINATION DATA

29 Deq 1961

EQUIPENT Vacuum Sweeper SURFACE Packed Snow

Temperature (0 F)
Air 6 Surface 11 -Contamination Level 1.1i k6,3 Pc/gm-
Median Time of: Deposition Level 46.1 •8.6.- 9/ft.

Contamination 1549 Activity Level 0.512 -mc/ft2
Decontamination 1625 Dose Rate to Operator 19 mr/hr

Time to Decontaminate 3.5 mpin Operator Time 0.058 man-hours

SC ANNER DATA

Scan Contamination Decontamination •Activity
no. radiation radiation removed

level* level* " (%)

1 15.8: 3.76 76.2

2 21.9 2.81 87.2

3 20.6 3.04 85.2

25.4 3.39 86.7

5 27.9 3.30 88.2

6 2i.4 4.05 81.2.

7 21.4 3.36 84.3

8 29.5 3.02" 89.8

9 15.3 2.97 80.6

1o , 9.3 2.28 75.5

II 15.8 1.77 88.8

AVEAGE 20.4 k3.3 84.o +2.7

* Values are proportional to the radiation intensity.
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TABLE E-24

TEST-PLOT DECONTAMINATION DATA

5 Jan 1962

EQU.IPMMNT Vacuum Sweeper SURFACE Packed Snow

Temperature (OF)
r 26 Surface 28 Contami-ation Level 10.3 +1.8 -Lc/gm

Median Time of: Deposition Level 13./ ft 2

Contamination 1317 Activity Level 0.49 m/ft 2

Decontamination 1!36 Dose Rate to Operator 15 mr/hr
Time to Decontaminate ' min Operator Time 0.75 msan-hours

SCANNE DATA

Scan Contamination Decontamination iActivity
no. radiation radiation removed

level*- level* (%)

1 33.3 1.97 94.1

2 30.9 3.68 88.1

3 37.6" 6.68 82.2

4 35.o 4.74 86.5 -

5 29.4 5.29 82.0

6 38.3 3.90 89.8

7 35.0 5.59 84.0.

8 31.4 4.66 85.2

9 33.8 3.17 90.6

10 25.7 4-.22 83.6

AVERAGE 33.1 *2.2 86.6 *2.3

* Values are proportional to the radiation intensity.

Appendix E 133



TABLE E-25

TEST-PLOT DEC0NTAMINATION DATA

9 Jan962

EQUIPMENT Motor 'Grader SURFACE Packed Snow

Temperature (OF)i
Air - Surface -10 Contamination Level 1,2 J 0,3
Median Time of: Deposition Level -Z.5 +16.6 gm/ft 2

Contamination 1645 Activity Level 0.252 mc/ft
Decontamination 1724 Dose Rate to Operator 20 mr/hr

Time to Decontaminate 1.60 .__min Operator'Time 0.027 man-hours

SCALNER DATA

Scan Contamination Decontamination Activity
no., radiation radiation removed

level* level* (%

II •23.3 9.73 . 58.2 i

2 22.0 5.74 74.o

3 23.3 4.36 81.4

4 29.7 7.55 74.6

.5 21.0 1.86 91.2

6 20.3 1.62 92.C

7 22.5 o.86 96.2

8 18.0 0.60 96.7

'9 20.3 0.23 98.9

10 19.9 0.33 198.3

AVER.AGE 22.1 L1.8 86.2 17.9

* Values ar6 proportional to the radiation intensity.
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TABLE E-26a

TEST-PLOT DECONTAMINATION DATA

"29 Dec 1961

EQUIPIENT Motor Grader SURFACE Packed Snow

Temperature (OF) (First Decontamination)
Air 9 __ Surface 14 Contamination Level 11.4 :i.0I// 9
Medidn Time-of: Deposition Level. 39 , SL.4nO/ft4

Contamination 1342 Activity Level- mo/ft2

Decontamination 1443 Dose Rate to Operator 20 mr/hr
Time to Decontaminate 2.15 min Operator Time 0.036 pan-hours

SCANNM DATA

Scan Contamination Decontamination Activity
no. radiation radiation removed

level* level* (%)

31.5 5.15 83.7

2 15.2 4.40 71.1

"3 24.0 4.74 80.3

4 16.1 4.32 73.2

5 14.6 5.77 60.5

6 48.0 4.02 91.6

7 26.1 3.35 87.2

.8 15.8 5.21 67.2

9 !6.7 .3,36 79.9

io 50.9 3.56 93.0

AVERAGE 24.3 +7.l 78.8 ±6.2

* Values are proportional to the radiation intensity.
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TABLE E-26b .

'TEST-PLOT DECO-xmmiNAiO -DATA

29 Dee 1961.

EQUTPMENT Motor Grader. SURFAOE Packed Snow

Temiperature (OF) (Second Decontamination)
Air 9 Sur-ace 14 Contamr-natiln Level• .. 1
rediar. Time of; De;osat,!on Level ._f_ t,_ "'if .

Contax.ination 44 Act' xvity Level. IM_____
Decontamination ' Dose Rate to Operat r =r/•ii

Ti eeto Deconta-minate .. " .rin Opeerator T.me O. nar,,:h., .- .

.DSC A-- M D.

Scan I Contam-h&_on DeccntamainatIon Ai." +
no. rd ,ýcn iaiatin reove,-

-; " leve1* ,Aev•2* ',>(.%)

3 .. 7 - ,

" 1" i. 31.5 " 1Z.ll.. 64.7 :'t

2 15.2 2i83 ..

- 2.0 2.68 88.8

"L . 6.2. i_2.5 86.6

' ~ 5 i".6 '2.588 8o. 3

6 48.0 , 2.86 94.0

7 26.1 2.30 9.

8 15.8 4'.36 72.4

9 16.7 2.77

0I 50.9 3.43 92.9

AVMAGE 24.3 *7. 83.6 "-....4

SValues ,;are proportIonal to the radiation inter.sity.
RFRMOKS:.J"I. Since the si=uLant had been rartially removed by. the

i/flrst decontamination, the deposition level was not kn•owr.

P. .-p 'me' timr- aond cfficonc IY l bastd or.
totai tine for two decontaI-inations.
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•; • ' ~TABLE E-27 '

"TEST-PLOT DECONTAMINATION DATA

5 Jan 1962

EWUTUPMENT. Motor Grader SU1,ACE -Packed Snow

-k.e pej.Ature (OF) -

Air -261k Siur&fae 26 Contamination Level i 4 Lc/g
MedianTi7 of: Deposition Level - - "/ft 2

"ContAination 1254 Activity Level - mc/ft .
Decontitmnation 1628., Dose Rate to Operator 10 mr/hr

Time to Dectontaminate 8.00 min Oped•ator Time 0.133 •-h0urs

SCAILN, DATA
seema ' Contamination' ,econtami•2t~lon Activity

no. radiati.on radiation removed... level* . •evel* N.(•),

\118.1 2.23 87.7

2 25.5 . . 2.34 90.8

3 21.1 2.68 87.3..

4 19.3, 1.66 91.4

5 .5 1.87 ..91.7

6 21.9 1-.24' 94.3

7 18.2 1.21 93.4

8 0. . 99 93.3

9 14.3 0.92 93 6

10 12.4 o.96 92.3

AVERAGE 18.8 12.4 91.6 *I.4

4 Values are proportional to the radiation intensity.

REMAP•RS: The contamination and deposition levels were not measured..
Two cuts werem de with blade scrapper.
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TABLE.E-28

TEST-PLOT DECOM~AYMNATION DATA

20 Jan 1962

EQUipMELNT. Fire Rosing SURFACE ~Packed Snow

Tempt~rature (0-F)
Air i1 Surface -6 Contamination Level- 93 - -

Median Time of- Deposition Level. 55. gi/ftr-
Contamination 1006 Activity L?6eva 0.17 mo/ft2

Deccntaminatioln 1.05 Dose _R~te to:.!G~rat 7-6 -rh
-*'-,e to D,;contaminate 15.00 min Operaý r' T ime". 1.000 man-hou.rs

S CANIMTh DATA

Scan . Contaminat 'on Decontamination Activity
no. radiation radiatidih removed

______ level*- 1evel* W,)

1 22.8 5.36 76.5

220.8 5.70. ki2-6

3. 27;2 9.23 66.-.

427.4 172?8 73L4

524.1 2.61 89'.2

6 33.9 3.72 89.0

7 45. 7 . 86.1

8 2'2-. 1 7.92 64.2

9, 28.6 9.1 67.

i0 29.5 6.463 78.2

AVERAGE 26.2 :L2.2 76.3 ::6.4

*p Values, are proportional to the radi4~tion intensity'.

R Y.AR N 1~ 2±e hose had L.2.5r-inch Li~zzle with a IJ-Inch bore.
2. Four men worked. 6imultaneously for 15 minutea.
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TABLE E-29

TEST -PLOT DECONTAMINATION DATA

24 Jan 1962

EQUIPMENT Fire Hosing SURFACE Packed Snow

" Temperature (OF):!
Air 20 Surface 18 Contamination Level 12.4 0..2 'c/m
Mediap Time of: Deposition Level _ý5.9- ±i.i /ft 2

•Contamiflation • Activity Level 0mc693 mc/ft2

Decontamination .1129 Dose Rate to Operator 7 mr/hr
Time toDecontamipate 9;00 min Operator Time 0.600 man.hours

ContaminationDATA

Scan Contamination. Decontamination Activ;Lty "

no. radioadition removed
level* level,* (%)

34.6 7.39 78 7

2 6o.9 12.87 78.9

3 51.2 10.00 80.5

"4 47.8 9.76 79.6

5 47.7 11.61- 75.7

.1•,, 2 .7558 85.2

7 47.7 8.04 83;1

8 51.5 7.45 $5.5

9 9 47.0 7.24 84.6

10 39.1 6.58,. 83.2 •it

"AVERAGE .47.9 .. 4.2 81.5 .:•l- 9I Values-are proportional to the radiation intensity.

REMRKS: 1.- Fire hose had a 2.5- n.ch nozzle'with a 1-inch bore.

.- ,.. 2. Four men worked simultaneously for 9 minutes.
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I

TABLE E-30

TEST-PLOT DECONTAMINATION DATA

24 Jan 1962

EQUIPMENT Fire Hosing SURFACE Packed Snow
Temperature (OF)

Air 33 Surface. 28 Contamination Level 10.6± 0.7 Lc
Median Time of: Deposition Level m/t

Contamination i3i c-Activity Level 0.48 me/f
Decontamination 1357 Dose Rat e to Operator d' mr/hr

Time to Decomtaminate Omin Operator Time .0.833 man-hours

SCANNIER DATA
"Scan .. Contamination Dedontamlnatio Activity

no. radiation radiation removed
level*' level*

.1 J9.4 2.i6. 94-5

2 38.4 2.83 92.6

3.k.8 2.81 93.4

4 47.3 3.50 92.6

5 4.0.2 4.99 '87.6

6 .43.9 5.61 87.2

7 441.3 4.22 89.8

8 41.2 4.70 88.6

9 45.8 6,/43 86.0

10 32.7. 7.61 76.6

VERAGE 41.3 +2.11" 88.9 ±3.0

, Values are proportional to the radiation intensity.

R•4ARKS: 1. Fire hose had a 2.5-inch nozzle with a 1-inch bore.
2. Yiour men worked simultaneously-for 12.5 minutes.
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TABLE E-31.

TEST-PLOT DECONTAMIvNATI0N DATA

25 Jan 1962

EQUIPME~NT Rotary Broom Sweeper SURFACE Packed Snow
Temperature (0 F)

Air 37 Surf'ace 32 Cont~amination Level 115-kO /r
Media.n Time of: .Deposition Level~ 40-2.5gj

Contamination .1125 Activit#. Level O.mc/f _t2 ,
Dec oxtartination . 115 Dose Rate--to Operator .50mr/hr

Time to Decontaminate .1.20 min Operator Time .0'.020 man-houxrs

SCk'I DATA

Scar. Conteamination Decontamination Ac~vity
no. ,radiation radiation i'emcved

level* level.*()

1 472.2. 17.3 63.3

2 45.-7 12.7 72.2

366.3 7.4 89.2

4 53.3 9.8 .81.6

552.0 22.3 57.1

649.- . 89.2

.7 57.6 5.0 914.3

8 44.4 1-4.0 68.5'

9 47.9 4-5 90.6
AI

53.6 .2.5 95.3

V~GE 51i. 9 :ý. 79.8 :L7.8

*Values are proportional to zhe radiation intensity.
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"TABLE 1-32

TEST-PLOT DECONTAMINIATION DATA

18 Jan 1962

EQUIRAT Motor Grader SULFACE Loose Snow over Packed Snow
Temperature (OF) (Second Decontamination)

Air -1 Surface -5 Contamination Level 9.8 ±0.2 4c/ m
Media ieo Deposition LeveO 25.3 0,/ft2

Contamination 1332 Activity Level 0.491" 'm/ft 2

Decontamination 1633 Dose Rate to Operator 10 mr/hr
Time to Decontaminate 3.33 min Operator Time 0.056 man-hours

SCANNM DATA

Scan Contamination Decontaminatign Activity
no. radiation . radiation J-. 1removed

... level*,, . level* (%)

1 38.1 6.17 83.8

2 33.6 4.32 87.1

3 34.,4- 4.81 . 86.0

S4 •48.0 3.31 93.1

5 41.3 3.34 91.9

.6 38.4 2.64 93.1

7 41.9. 2.67 93.6

8 33.9 2.73 91.9

, 9 31.9'7 4.'89. 84.7

AVERAGE 37.9 ±3.2 I 89.5 t2.-4

* Values are proportional to the radiation intensity.

RE4ARKS: Motor grader was used on this plot after blade snow plow
failed to remove the simulant.
Decontamination percentages and times are based'only on
motor gradlaig yliAse.
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TABLE E-33

TEST-PLOT DECONTAMINATION DATA

6 Jan 1962

EQUIPMENT Motor Grader SURFACE. Loose Snow over Packed Snow
Temperature .(0 F), •

Air 18 SUrf ace 20 Contamination Level 13.5 :l.0 clam
Median Time ofl1i Deposition Level .50.5 42.2 g2Vft 2

SContamination 1028 Activity Level 0.679 mc/ft 2

Decontamination 1113 Dose Rate to Operator 30 nr/hr
Time to Decontaminate 6.00, min Operator Time 0.100 man-hours

SCANNER DATA.
"Scan Contamination Decontamination Activity 4

no. radiation radiation removed
level* level *

1 17.2 4.27 75.2

2 32.0 12-.81 6o.1

39.1 9.29 76.2

4 38.6 11.00 71.-

*-5 43.9 15.72 64.2

6 45.1 19.39 57.0

7 42.7 21.o6 50.7

8 40.0 17.37 56.6

9 41.2 19.52 52.6

S10 42.4 15.36 63.8

38.2 ±4.8 ; 62.8 ;5.3

• Values are proportional to the radiation intensity.

REAARKS: This was the operator's first experience with this type of
test.
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TA.BLE ,-34

""TEST-PLOT DECONTANUNATION DATA"

18 J"an 1962.

EQUIPMENT Blade Snow Plow SURFACE Loose Snow over Packed Snow
Temperature (0 F)

Air -2 Surface -i Cohtamination Leve! 9.8 ±0.2 mc/
Me dan u-n .me of , Deposition Level o. U7

Contamination ni47 Activity Level 0.49 l mc/ft 2

Decontamination 13P Dose Rate to Ope-rator 10 m/hr
Time to Decontaminate 0.40 min Operator Time 0.007 man-hours3

SCANNER DATA
Scan Contamination Decontamination . Acti vit.y
no. radiation radiation removed

"level* level* (%)

1 43.5 41.2 5.3

2 52.5 38.1 27.4

.3 62.1 33.6 46.1

4 36.4 34.4 5.5

5 54.2 48.0 11.4

6 43. 5 41,3 5.1

7 42.9 38.4 10.5

8 44.0 41.9 4.8

9 43.8 33.9 .22. '5

.10 3 9.8 \31.9 19.9

AVERAGE 46.3 :t4.4 15.9 :V7.8

* Values are proportional to th4. radiation intensity.
REMARKS: The "loose" snow was frozen solid. The blade could not

penetrate the surface.
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TABLE E-35

TEST-PLOQ DECONTAMINATION DATA"

10 'Jan 1962

EQUIPMENT Motor Grader SURFACE Undisturbed Snow
Temperature ('F)

Air i 'Surface 0 Contamination Level 5.9 :1.3 a/f
Median Time of: Deposition Level 49.8 1114 O m/.ft "

Contamination 514 Activity Level o•.294. -ft
Decontamination '1549 Dose Rate to Operator 7s mr/hr

Time* to Decontaminate i.u min Operator Time 0.029 man-hourstA!_3 DATA_.. ..
Scan Contamination ;. Decontamination Activity

no. radiation radiation removed
level* level* (%)

13.2 . 4.3-3 67.2

2 i5.9 5.97 62.5

3 17.6 7.10 59.7

4 .19.0 8.18 56.9

25.2 8.36 ..66.8

6 22.2 6.66 70.0

7 21.3 7.52 64.7

-8: 25.9 8..6 68.5

9 22.7 8.48 62i6

1O 21.9 7.99 63.5

AVERAGE 20.5 :k.4 64.2 :b.3

Values are propcrtioral to the radiation intensity.
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TABLE E-36a

TEST-PLOT DECONTAMINATION DATA

.30 Dec 1961

EQUIPMENT Motor Grader SURFACE Undisturbed Snow
Temrperature (OF)

Air .18 Surface 19 Contamination Level 7.6 *3.1 c/gm
Median Time of: Deposition Level 53.4 *L.- gm/ft2

Contamination 1621 Activisy Level 0.,40/ mc/ft 2

Decontamination 1645 Dose Rate to Operator '8 mr/hr
Time to Decontaminate 5,.00 min Operator Time 0.083 man-hours

SCANNER DATA
scan Contamination Decontamination Activity'
no. radiation radiation renoved

level* level* (%)

1 15.6 7.13 54.3

2 15.3 8.46 44-7

3 21.8 8.73 59.9

4 24.3 11-.31 53.5

"5 24.8 10.71 56.8

6 23.0 10.19 55.7

7 24.2 -11.08 54.2

S8 21.9 9.81 55.2

9 22.2 !0.69 5.1.9.

2VERAGE 21.4 -. 0 54.0 --2.6

*. Values are proportional to the radiation intensity.

REYARkS:. This was.-the operator's first experience with this type of.'test.

A

I
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TABLE E-36b

TEST-PLOT DECOTAMIMATION fATA (ACROSS PLOT)

30 Dec 1961

EQUIPMEW Grader SURFACE Undisturbed) Snow
Temperature (Or),

Air 18 Surface 19 "

SMW DATA

Scan contamination 'Decontamination Activity
no. diradidtion removed

level* level* (%).

a ,0.70 0.51 27.6

b 1.28 .58 54.6

c 1.63 57.7-

d 1.68 1.11 33.9

e 1.63 1.04 36.0

1f 1.55 .56 63.6

g 1.35 .49 63.6

h ,.28 .80' 37.8

i 1.55 1.23 2o.6

, 1.75 .84 51.8

k 1.75 .62 64.5

11- 72 .37 78.4

rm 1.47 .27 81.4

n 0.70 .24. 65.4

• Values are proportional-to radiation Irtensity.

RXS: Scans a through n obtained from one middle scan of table'
"36a:.. i

Appendix E i47



TABLE E-37a

TEST-PLOT DECONTAMINATION DATA.

18, Janr 1962

EQUIPMENT Blade Snow Plow SURFACE Undisturbed Snow
"Temperature (OF)

Air _ Surface 0 Contsaination Level 9.0 p0.3c/gm

Median Time of: Deposition.Level 57.3 *12.7 gr/ft2

Contamination 1450 Activity Level O1 mc/f-t2

Decontamination 1510. Dose Rate to Operator 12 mr/hr
Time to Decontaminate 0.33 mn Operator Time 0.006 man-hours

SCAN•IM DATA.

-Scan Contamination Decontamination Activity
noo. radiation radiation removed

level* . Ievel* (%)

39.0 1.18 97.O

2 31.6 . . 34 95.8

3 38.7 1.62 95.8

4 41.6 1.66 .96.0

5 38.3 1.95 94.9

6 43.2 1.77 95.9

7 40.4 2.0o 95.1

8 37.4 1.90 94.9

9 40.8 1 .78 95.6

34.9 2.693.2

V~GE 38.6 *b2.o .95.4..*.

* Values are proportional to the radiation intensity.

Appendix E II148



TABLE E-37b

TEST-PLOT DECONTAMINATION DATA (SCANNER DATA ACROSS PLOT)

"18 Jan 1962

EQUIPMENT Blade Snow Plow SURFACE Undisturbed SnQW
Temperature (0 F)

Air 2 Surface .0

SCANNER DATA

'Scan r Contamination Decontamination Activity
no. radiation radiation removed >1

level* level* (W)

a 1.25 0.19 85.2

b 2.32 .17 92.7

o 2.82 .17 94.0

d 2.80 .15 94.7

e 2.80 .14 9.
S2.75 .19 93.1

g 2.68 .19 92.9

2.38 .17 92.9

2.88 .20 93.2

3.18 .13 96.0

3.02 .10 96.8

1 2.80 .10 96.6

m 2.80 .10 97.1

n 2.58 .10 96.9

* Values are proportional'to radiation intensity.

R3ARKS: Scan "a through n obtained from one middle scan of table
37a.":
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TABLE E-38

TEST-PLOT DECONTAZINATION DATA

18 Jan 1962

EQUIPMENT Rotary Snow Plow SURFACE Undisturbed Snow
Temperature ( 0 F)

Air -1 Surface -2 Contamination Level , :1±2,6 c/vt
YMedian Time of: Depositicn Level 532 2 1..4 Wr/ft2

Contamination 1534 Activity Level _ 0.483 mc/ft
Decontamination 1604 Dose Rate to Operator 13 -r/hr

Time to Decontaminate 2.18 ri Operator Time 0.056 man-locrs

SCAITNE DATA

Scanr Ccntae.ination... .Decontamination Activity
no. radiation radiation removed

level* level.* (%)

I. 41.4ý 4.3L 90).2

2. 36.7 6.55 82.2'.

3 43.4 6'.53 85.0

4 42.5 6.93 83.7

5 33.3 . 6.08 .. 81.7

6 40.9 '15%.97 85.I b

7 . 34.9 6.74 80.7

8 35.0 6.56 81.3

9 37.3 7.25 80.6

10 32.9 .7.35 77.7

AVERAGE 38.1 i.6 82.9 E.0

* Values are proportional to the zadiation .intensity.
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TABLE E-39

TEST-PLOT DECONTAMINATION DATA.

25 Jan 1962

"EQUIPIME.T Towed -Scraper SURFACE Undisturbed Snow

Temperature (0 F)-
Air.. 29 Surface .24 Contamination Level l1.0 -J'c/gm
Median Time of: Deposition Level j2.3 • .gm/ft 2

Contamination 09-4 Activity Level 0-508 mo/ft2
Decontamination I0 Dose Rate to Operator 12 m

Time to Decontaminate 1,60 rin Operator Time 0,,07 man-hours

SCANNE DATA

Scan Cottamination Decontamination Activity
no. radiation radiation removed

level* level* (%).

2.. •46.9 2.08 95.6

248.7 1.92 96.1

3 50.4 .2.36 95.3

L 62.4 4.60 92.6

5 57.2 9.32 83.7

6 59.3 9.44 84.1

7 52.4 9.79 81.3

8 53.4 9.88 •82.5

9 59.4 o10.58 82.2

10 49.7 13.67 72.5

AVERAGE .54,0 -L.4 •.86.5, +.6

Values are proportional to the radiation intensity.
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TABLE E-t 0o

TEST-PLOT DECONTAMINATION DATA

17 Jan 1962

EQUIPMENT Fire Hosing -SURFACE .,Bare Roof

Temperature (OF)"
Air -7 Surface -4 Contamination Level , c/gr-
Median Time of: Deposition Level - .

Contamination 1430 Activity Level - .mc/ft 2

Decontanination 1335 (1-19-62) Dose Rate to Oberator 2 mr/hr
Time to Decontaminate 7.00 min- Operator Time. 0.467 man-hours

SCA,,ER DATA,

Scan I Contamination Decontamination Activity
no. radiation radiation removed

level: level . (

II 43.8 r/hr 23.5 mr/hr i 46.4

2. 5i.2 28.5 44.3

3 45.6 27Qp 40o.8

4 50.0 29.0 42.0

'548.9 28.0 42.8

6 42.9 26.Q 39.4

7 42.5 25.0 41.2

8 .54.5 .. 28.0 48.6

-41.6 28.0 3.7

AVERAGE 46.8 ~7. 4 42.0 :L7.4

REMARKS: 1, Surface area was 1000 square feet.

2. Fire hose had a 1.5-inch nozzle with aW.0.75-inch bore.

* 3. Four men worked simultaneously for 7 minutes.

4. Survey V" uCC (zcanner data) waire ;;(: wi. bi ain Erberline

E4200 survey meter at a probe height of 2.5 feet.
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TABLE E-41

TEST-,OLT DEC 0NTAINATION DATA

iFbl196 2

EQUIPME~NT Fire Hiosing SIMFACE Bare Roof (warm)
Temperature (OF)

Air 2 Surface .14 Contamination Level ~ c/:gL
Med'an Time of l Deposition Level gq

contamination 1330 Activity Lee I. Mc/ f

Diecontamination- 14_30 Dose Rate to Operator m /hr

Time to Decontaminate _3.00 min Operator Time 0.200. man-hours

SCANMý DATA.

§can Contamidna~tion Decontamination Activity
no. *rditolradiation remroved

level level '

mr/br mr/hr

o_2.94 !. 2 59.2

2 2.94 1..6 4.5.6

3 2.45 1.0 59.2

4 2.2C .0.8 63.6

5 196 0.7 6)43

6 1.96 0.5

*7 2.75 0.7 74.6

8 2.50 l..0 60.0o

9 2.50 0.7 72.-0

10 2.00 0.5 75.0

ý11 2.00 .670.0

AVERAGE 2.38 A-0.63 65.3 :l 5.O0

RMWAKS: 1. Surface area was P000 F~uA~rfe feet.

2. Fire hose had a 2.5-inch nozzle with a 1-inch bore.
3. Four men worked simultaneously for 3 minutes.
4. Survey values (scanner data) were made with an.

Eberline E-200 survey meter at a probe height of

2.5 ffeet.
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TABLE E-42

TEST- PLOT DECONTAMINATION' DATA

6 Jan 1962

EQUIRIVSNT Fire Hosing SURFACE Bare Roof
Ter.perature (O F)

Air 21 .-Surface 24 Contamination Level c/E
Median Time of: DepositionLevel - gm/t2

Contarirnation i30 Activity Level o- ft2
Decontamination 1430. Dose Rate to Operator 5. r/hr

Tire to Decontaminate 7.75 min Operator Time 0.ý17 r.,ii-hours

SCANNER DATA.

Scan Contanination Decontamination Activity
no. radiation radiation removed

level level (%)

105I 35.6 70.95

2 93 42.3 78.0

3 91 50.9 !L4,

120 55.9 53.4

i 05 45.8 56.4

6 115 30.5 73-5

7 115 28.5. 75.2

8 100 19.8 80.2

9 00 14,.7 85.3

AVERAGE 105 _-17 _ _.. 68.5 :2.9

REMARKS: 1. Surface area was 600 square feet.

2. Four men worked simultaneously for 7.75 .-Inutes.

3. Fire hose had a 1.5-inch fog nozzle with an adjustable
bore.

4. Survey values (scanner data) were nade with an Eberline
E-200 survey meter at a probe height of 2.5 feet.
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APPENDIX F

LOGISTICS EXERCISE DECONTAMINATION DATA

Figure F-i shows the two test-area sectors and the portion
decontaminated by each team. The numbers appearing on this figure,
and on those of the roofs and interiors of the buildings (figures F-2
through F-6), indicate the effectiveness oflthe decontamination
operations. These numbers also appear in tables.F-i through F-16
along with the contamination and decontaminationreadings from which
they were derived:

%Activity Remaining Deotmnto Redn 10
Contamination Reading

The locations of the numbers on the figures approximate those where
the instrument readingse were made.
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FIGURE F-I PERCENT ACTiVITY REMAINING ON GROUND
COMPLEX AFTER DECONTAMINATION

ROW

A 211 46 6i 23 .13 24 66 52 '83
s 00 0 0 0 0 ,

.5 31 26 *56 74 64
0 0 .00 0

C oL 55 24 36 18 14 3'. 34 64
6 0

D 4-2 89. 61 26' 25'26 18
a 0 a0 0 0 0 0

1418 71 83 500. 0 306 0 ,

F 61 108 18 18 12 100 34 146 114o a 0 S 0 0 0 0 0

G\.02 9 56 46 16 20 5-2 60 7ý 3j
0 L 0 0 0 0 

01
H 52' 21 . 714 62

I 79 107 6 20 16 14 18 36 6i
o a 0 0 0 0 0 0 0 0

J. 118 42 16 14 i6 11 26. 38 72
00 0 a 0

K 26 i6 [1 86 98

0 0

• •r 8~04.

L 34 12 21 32, 57 119
0 0 0 0 0

A nctor I 6
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NPC 16,605

ROW

A 76 21 39 23 8 8 6 41 52 4j
o 0 0 0 0 0 a

B 62 -12 9 1 J1 3C I4•0 " 0 0).0 •

C 17 15 14 15 12 8 13 19 136 17
a 0 * * a. 0 0 a -

D 16 34 24 "i 9 i5 2 22U ' 9C

K 27 27 23 12. 15 18 0 33 1ý 3"

P 12 15' 22 12 12 19 12 22 27 37
0 *' * * 0 0 0 a

0' 13 - i 0 10 23 . 17 32

H .3. 17 14 8 11
" 0 0 516 a0*

I 16 38 26 15 56 l0 6 23 7 13
o 00

-8J :62 21 ij 10 1.0 9 3 1)

K 13 25 21 13 2C
a 0 .,a. 517 0 0

L 12 36 26 27 16 .l -1 13 17 39
a • p • O 0 0 0 • / •

M 9 16 23 27 16 11 21 13 3.1 2 ,
a 0 0 0

N 9 6. 10 • 3ý 33

"0 36 22 16 i8 9 8 .6 .

Sector 11
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NPC 16,606

BUILDING 506

BOTTOM 22 23 20 19 20 21 16 20 19 24 23

20 14 19 .16 14 13 3 14 15 17 21

TOP

17 -3 16 17 16 17 X 21 13 16 18

BOTTOM 21 22 23 15 23 23 20 18 x 22 32

BUILDING"606

BOTTOM 18 14 17 15 15 16 -3 15 23 17 17

17 15 16 16 16 14 12 .14 15 :6 18

TOP O

15 12 15 14 15 15 :6 18 i9 25 24 LL.

BOTTOM 12 13 13 15 15 15 15 18 21 23 28.

FIGURE F.2 PERCENT ACTIVITY REMAINING ON ROOFS
AFTER DECONTAMINATIONt SECTOR I
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"NPC 16,607

BUILDING 516'

18 23 19 23 23 2C 20 19 22 20 22 18 BOTTOM

18 22 19 15 16 20 16 18 16 16 .17 13

TOP

" 18 2120 27 13 i 17 17 22 21 19 a5

"21 26 26 22. 16 2J4 22 22 22 24. 22 2' BOTTOM

BUILDING 517

" .22 1620 26 21 18 15 15 14 11 12 10 9 BOTTOM

:17 19. 16 17 14 13 14 14 15 12 11z 1: 1o0

0 _TOP

17 201-8 14 16 15 21 18 18.19. 18 16 2

20 23 20 23 18 18 21 19 24 21 21 21 19 BOTTOM

FIGURE F-3 PERCENT ACTIVITY REMAINING ON ROOFS

AFTER DICONTAMINATIONt SICTOR II
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NPC 16,608

BUILDING 507

87 73 98 .. 93

"88 81 o9 0 90 97 92. 92 .100 0

i00 77 78 . 1c.3. ;.99

'TOP FLOOR" BOTTOM FLO'R

88 1.1 78 91

BUILDING 506 82 65 83 0
LI.

i14 1.17 57

95. 7944

BUILDING 505 75 64 62 0

121 87 75 90.

"BUILDING 504[105 130 116 121 !62 17155 155

93 106 006 90 1G3 103"

-.o6 86 106 :12 1.7. 2 138

TOP FLOOR BOTTOM FLOOR

FIGURE F-4 PERCENT RADIATION REMAINING INSIDE
BUILDINGS AFTER ROOF DECONTAMINATION:
SECTOR I
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NPC 16,609

BUILDING 507

49 -/0 '37 51

ý25i 4J69 44 45 44~ 29 70 0

38 36. 58 -736 25

TOP FLOOR BOTTOM FLOOR

39:ý 31 29 36

BUILDING 506 50 29 390

51 36 32

M381
29 27 1

BUILDING 505: 33 32 58

24 36 43 42

BUILDING 504

51 64 77 90 50 67 77 /77

38 67 67 44. 58 83~

6720 8 44 ~ 0 77

FIGURE F-S PERCENT RADIATION REMAINING INSIDE
BUILDINGS AFTER ROOF AND GROUND
DECONTAMINATION: SECTOR I
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NPC 16,610

BUILDING 514

37 L, 33 37 33 39 43" .19 22 21

0 24 24 18 20 0 17 24 21 19

23 20 .8 20 24 17 13

TOP FLOOR BOTTOM FLOOR

15 24 17 22 18

BUILDING 516 0 20 18 19 .i4

36 17 .16 17

Sii

15 31 15 12

BUILDING 517 0 20 18 1

25 21 19 25 23

BUILDING 518

29 21 21 18 18 30 21 18 21. 19

" 0 24 ". 15 12 20 19 1i 15

30 15 13 11 13 10 II

'TOP FLOOR BOTTOM FLOOR

FIGURE F-6 PIRCINT RADIATION REMAINING INSIDE
BUILDINGS AFTER ROOF AND GROUND
DICONTAMINATION: SECTOR II
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S.1 .. 1
TABLE F-5

LOGISTICS EXERCISE DECONTAMINATION DATA
- SECTOR I

Building 506*- Roof Team A
Time of Measurements • Temperature 13OF'

Contamination 1420 .31 Janj62) Man-hours/iO00 ft 2  0.93
Decontamination 1050 (1 Feb692 Time to Decontaminate 50 min

-Instrument Data*"

- Contami- i Decontami- .. Contami-, Deontami- .-
nation I nation Activity nation . nation Activity
(mr1hr) (mr/hr) Reainngt i (mr/ihr) (mr/Ai. r) . .Remainingt

East Side: Top Row West Side: Top Row

19.0 4.0 1 21 : 21.0 3.7 18
21.0 3.5 17 21.5 3.5 16
3. 25.5 .3.3 13

21.0 i 3.014 15.9 3.3 21* 23.5 3.0 13 x 3.3 x
23.5 3.0- 13 19.0 3.3. 17
19.0 2.7 14 19,0 3.0 16
16.5 2.7 16 15.8 2.7 17
17.8 3.3 19 15.8 2.5 • 16
17.8 2.5 14 19.0 o 2.5 13
16.5 3.3 20 1 9 . 0  J 3.3 17

East Side: Bottom Row West Side: Bottom Row

19.5 4.5 23 15.8 5.0 32
17.8 4.3 24 19.24.3 22
210 4.o0 19 x 'x x
17.2 3'.5 20 22.2 4.0 - 18
25.6 4.0 16 22.2 4 .5 20
16.5 3.5 21 15.8 3.7 23
17.2 3.5 20 14.5 3.3 23
17.2 3.3 19 5 22.2 3.3 15
16.5 3.3 20 15.8 3.7 23
15.8 3.7 23 15.8 3.5 22
15.8 3.5 22 15.8 3.3 21

- Activity Remaining (Avg) 18% j Activity Remaining (Avg) - 19%

*Roof decontaminated by sweeping.
**Measurements taken 3 feet above surface with an Eberline E-200A

radiation meter. All readings corrected for decay..

t See Figure F-2 for geographic location of readings.
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TABLE, F-6
LOGISTICS EXERCISE DECONTAMINATION DATA

SECTOR I
Building 505*- Roof Team B

Time of Measurementsg Temperature 19oP
Contamination 1450 (31 Jan 62) Man-hours/bOO ft 2  1.05
Decontamination 1510 (1 Feb 62) Time to Decontaminate .l57 min

Instrument Data**
-...... .... " I . .. ..P

Contami- Decontami- % Contami- Decontami- %
nation i nation Activity•t 'nation nation Activi•,y
(mr/hr)__I (mr/hr) Remaining: (mr/h.') (mr/h..) Remainingt

East Side: Top Row, West Side: Top Row

.22.2 i 4.0 10 19.6 44.7 2419.0 i ,, 3.0 16 16.3 4.0 250 3.03
.0 2.5 15 17:236 i1Z.3 2.5 " 17.0 3.0

19.0 2 12 17.0 2.7 .16
13.8 2.0 14 17.0 2.5 15
12.5 .2.•0 16 16.4 2.:,5
12.5 o 2.0 16 2.5 1
12.5. 2.0 16 . 16.4 2.5 i 15
1 2.0 15 17.0 2.0 12
13.7 2. 17 17.0 2.5 j 15

East Side: Bottom Row West Side: Bottom Row
21.6 i 3.7 17 17.7 5.0 28

15.7 2.7 17 . 16.4 3.7 23
.11.1 2.5 23 16.4 3.5 21
16.4 2.5 15 1ý.1 3.1 18
19.6 . 2.5 13 18.3 2.7 15
14.4 2.316 .16.3 2.5 15
13..1 2.0 15 16.3 2.5 15
13.1 2.0 15 ! 17.1 2.5 15
13.8 2, 3 17 17.6 2.3 13
13.8 2.0 14 I 18.3 2.3 13
13.8 2..5 18 19.7 2.3 12

A.tivit. - Remaining (Avg) .. 16% . Activity Remaining (Avg) .. 17

*Roof decontaminated by sweeping.

**Measurements taken 3 feet above surface with an Eberline E-2OOA
radiation meter. All measuremehts corrected for decay.

t See Figure F-2 for geographic .location of readings.
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TABLE F-•

LOGISTICS EXERCISE DECONTAMINATION DATA
SECTOR II

Building 516*- Roof. Team A

Time of Measurements Temperature 260F
Contamination 1345 1I Feb 62 Man-hours/100 ft 2  1.05
Decontamination- !710 R2 Feb 62b Time to Decontaminate 57 min

Instrument Data**

Contami- I Deoontami- % Contami- Deoontami-
nation nation Activity - nation I nation Activity
(mr/hr) i(mr/hr) Remainingt (mr/hr) rI .emaining 1.

Ii

Fast Side: Top Row ,.West Side: Top Row

12.5 '2.3 18 i 12.5 2.3 I 18
.10.6 2.3 I 22 94 2,0 21
10.3 2.0 19 10.0 2.0 20
11.2 1.7 :15 9.4 2 25 27
10.3 1.6 .16 11.9 1.6
10.0 i 2.0 1 20 10.6 1.5 N)
9.4 i 1.5 16 i10.0 1.7 171
9.7 1.7 18 11.6 2.0 17

10.0 1.6 16 10.3 2.3 22
9.7 1.6 16 11.0 2.3 21

10.0 1.7 17 , 10.3 2. o 1911.3 1.5 15.0 2.3 15

East Side: Bottom Row West Side- Bottom Row
-. . .... .. ... .. . ... .. .....

12.5 2.3 J18 11.9 2.5 21
10.0 2.3 23 8.7 2.3 26
10.3 2.0 19 8.7 2.3 26
10.6 2.3 22 9.1 2.0 22
o10.0 2.3 23 17.5 2.8 16
9.7 1.9 20 10.3 2.5 2t4

10.0 2.0 20 10.6 2.3 22
10.0 1.9 19 10.6 2.3 22
10.3 2.3 22 i0.6 .2.3 22
10.0 2.0 20 Io.6 42.5 2
lO.6 2.3 22 11.3 2.• 22
12.8 2.3 18 11.9 2. 24

Activity Remaining (Avg) u 19% Activity Remaining (Avg) * 21%

*Roof decontaminated by sweeping.

**Measurements taken 3 feet above surface with an Eberline E-200A
radiation meter, All measurements corrected for decay.

t' See Figure P-3 for geographic location of readings.
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TABLE P-8
LOGISTICS EXERCISE DECONTAMINATION DATA

SECTOR II
Building 517*- Roof Team B
Time of' Measurements eprtue2 0

Cotmnto 40ý e 2 Man-hours/lODO rt2  1.48
Decon ltamination _73 k Fb 2 Time to Decontaminate 80 min

Instrument Data**

Contami- Decontami- % Contami- Decontami-%
nation nation Activit nation nation Activity

r m/r emainngt (mrAir) (mr/rir Remainingt

East Side: Top Row IWest Side: Top Row

16-.9 1.9 1 17 11.5 1.9 17
*10.3 2.0 19 10.0 i 2.0.. 20
10.3 1.6 16 I 10.0 1.8 18
10.0 1.7 17 10.0. 1. 1~4
11.2 1.6 1.i 10.3 K. 1.6 16
10.6 1.~4 111.3 1.7 15
10.9 1.5 1 ~ 11.9 2.5 21
.10.3- 1.4 14 10.9 2.0 18
9.4 1.4 15 10.9 2.0 18i

*11.9 1.4 12- I 22 .13112.3. 2.0 112.2. 1.3 11 12.2 . 16
1441.5 10 1. - . 1.7 1

East Side: Bottom Row :.West-Side: Bottom Row

10.6 2 23 2 11.3 2.3 2
10.3 1.6 16 .> 10.0 2.3. 23I6.9 1.4 20 11.3 2.3 i 20

6. ,i8 2610.0 ~. 2.3 2751.6 21 10.9. 2.0
10319181 e.10.9 1 .6 15 10.9 2,3 21
170 6 1.6. 15 ,. 10.6 2.0 I 19
11.3 1.6 14 10.6 2.5 214
12:2 1:4 11 10.9 2:3 21

12.51.512 10.9 2.3 2

17.5 1.5 i 9 I 13.1 2.5 19

Activity Remaining (Avg) 15% Activity Rem~aining (Avg) 19%

*Rooif decontaminated by ,sweeping.
**M'asurements taken 3 f'eet above surfaoe with an Eberiine t-200A

radiation meter. All readings corrected ifor decay..

t See Figure F-3 for geographic location of readings.
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TABLE F-9

LOGISTICS. EXERCISE DECONTAMINATION DATA
SECTOR I

Building 507* - Interior Team A

Tithe of Measurements**

Contaminated Ro.df & Ground 0835 (1 Feb 62) Temperatures
Decontaminated Roof &
Contaminated Ground ..1i05 (i Feb 62) Deoon. Roof O0F
Decontaminated Roof & Grouna lyl5 ,( Feb 6L2, Decon. Ground. 220F

Contaminatedt Decontaminated Roof &
Roof & Ground Contaminated Ground

Radiation Level Radiation Level . ResidualL (mr/hrAr) I Radiation (•)

Walls i Center Walls Center Walls Center
I4.8 5.7 ,75 4.5 Z5 79

4.6 .o 0 3.51.7 ;05.8 •3 5.8 3.5, 100 1
.6. 7.0 4.8 3.5 I 88•! 6.7 5.2a. i 7

14 4.8 I 4.0 4 48 9920
r443.8 45 135 992 0

Po' 6.5 3.8 6.5 1 3.5 100 I 92
6.3 M. 6.6 3.5 103 97
6 . 7. 3.9 65 3.5 99 97

Contaminatedt Decontaminated Roof & I
Roof & Ground Decontaminated GroundS... ... .. ,.. . ... . _ . .... ... .... .. . . . .. .. ... ... . .. .• . .. ..... .. . . .. . .... . . ..... ... . . . . . . . . . ..... . . .

Radiation Level Radiation Level Residual
I (mr/h.r) (mr/hr) " - Radiation (%)
!Walls I Center Walls I Center Walls Center--. .. ..• - ..... . . . . .. . i W a - e ...I- o
143 i 5.1.. 3.0 3.5 70 6

01 4:1 1 14 5 -. 2.0 12.0 49 '4
5.2 3.'9 2.0 2.3 51

5' 5. i 3.6 JI. 1.5 36 42
6.0 'I

6.o 3.5 58 7

o�4.1 . 3.,4 I 1. 1.0 37 29
08 3.4 . 5 17 44

5 632 :0 1 .5 36 4

6.0 I "ý .... !5 1.5 25 4

'*Roof decontaminated by hosing.
**Measurements taken 3 feet above floor with an Eberline Model E-200A

radiation meter. See Figures F-4 and F-5 for looation of readings.
t Value at time decontamination readings were taken.
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TABLE F-I0

LOGISTICS EXERCISE DECONTAMINATION DATA

SECTOR I

Building 5o6* - Interior TeamA

Time of Measurements**

"Contaminated Roof & Ground 0835 (i Feb 62): Tamerature
Decontaminated Roor & 1205 (1 Feb 62) e.. o..
Contaminated Ground .... .... Deeon. Hoof OOP
Decontaminated Roof G around 1715 (1 .Feb 62) Decon. Ground 12op

Contaminatedt Decontaminated Roof &
Roof & Ground Contaminated Ground

Radiation Level Radiation Level Residual
(mr hr) (mr ' ,) i Radiation (W)

Walls Center i Wal.ls Center' Walls 'Center

7.7 7.2 7.0 6.0 91 83
7: 7. 7.7 6.'0 5.0. 78 65
7.7 6.7 13.0 5.5 170 82
7-7.2 ".0 il
7.2 6 88
7.7 11
7.7 0 1174.7.7 18 182
5.3 3.0 57

Contaminatedt I Decontaminated Roof.&
Roof & Ground Contaminated Ground

Radiation Level Radiation Level Residual

(mr/hr) (mr/r) Radiation (%)

wails Ceiter Walls. 1center Walls Center

6.9 6.4 2. 2.5 36 -39
6.9 6.9 i2.0 2.0 29 29
6 6.0 2.5 3.0 3 506. 2.0 316.4 2.5 i39.

6.9 3.5 [-51

6.9 I2.5 .36
6.9 5.0 72
"L4.7 J , l.<5, 32

*Roof decontaminated by sweeping.
**Measurements taken .3 feet above floor with an Eberline Model. E-200A

radiation meter. See Figures F-4 and F-5 for location of readings.
t Value at time decontamination readings were taken.
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TABLE P-11

LOGISTICS EXERCISE DECONTAMINATION DATA
SECTOR I

.Building 505* - Interior Team B

Time of Measurements**

Contaminated Roof & Ground 0835 (1i Feb 62) Temperatures
Decontaminated Roof &
Contaminated Ground 1105 Oi.Feb 62 Deaon. Roof COP
Decontaminated Roof. & Ground..1715(I Feb 6) Deoon. Ground 120?

Contaminatedt Decontaminated Roof. &
Roof & Ground Contaminated Ground

Radiation Level Radiation Level Residual
" (mr/hr) (mr/h') Ra'diation (%)

Wal1ls Center Walls Center Walls .0Center

6 5.8 28. 3.6 4 62
5.8 5.3 12.0 3. 3 207 64

. 6.7 5.0 5..0 755.8• 5.5 . 95,
7.0 8.5 1216.3. 5 '; 5. - 875.3 6 .5 123

Contaminatedt i- Decontaminated Roof &
Roof & Ground i Decontaminated Ground

Radiation Level II Radiation Level I Residual
(mr/hr) (mr/hr) Radiation (%)

Walls i Center Walls Center 1 Walls Center

5.6 "10- 0 3..0 18 58
5.2 -,7 2. 0 1 5 38 32
5.6.. 6.0 I, 1.5 2.0 -27 .,33
5.2 12.0 K. 6

1i' 1.5 32
4;7 i 2.0 . 43
6. 0 i2.5 42

*Roof decontaminated by sweeping.
**Measurements taken 3 feet above floor with an Eberlifte Mod1•i E62O0A

radiation mcter. See PFiures F-4 and F-5 for location of readings.
t' Value at time'decontamination readings were taken.
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TABLE P-12

LOGISTICS EXERCISE DECONTAMINATION DATA

SECTOR I

Building 504* -Interior. Team B,

Time of' Measurem~nts**4

Contaminated Roof & Ground. 0835 (. Feb 62) Temperature
Decontaminated Roof' &
Contaminated Ground 1105(1 Feb 62) Decon. Roof 00p
Decontaminated Roof 5; Ground lytj tI eb-b-2 Decon. Ground TIT"

-Contami~natedt Decontaminated Root &
Roof & Ground Contaminated Ground

Radiation Level Radiation Level ResidualI
(mrbr.) (mr/h4r) Ra'diation )

'1Wall* Center Wall$ Center WallsA Center

4.3 3-.4 5.2' 3.6 121 10c6
4.3 3.4 5.0 J.116 106

t'4.3 4.3 6.. 109
-c 4. 105

~.3,4 36.6 106
~,3.43. 88

~ 3.43.6 106
3.4 3.8 112

t'2.9 3.4 4.5 3.5 155 103
ol 2.9 2.9 4.5 3.0 155 103~* 34 3.9 5.0 3.5

0 3.8 3. 171.,
S2.9 4.o 138,

*Roof decontaminated by hosing.
**Measurements taken 3 feet above floor with an Eberline Model E-200A

radiation meter. See.. Figures P-4 and P-5 for location of readings.
t Value at time decontamination readings were taken.
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TABLE F-12 (cont Id)

LOGISTICS EXERCISE DECONTAMINATION DATA.

SECTOR I

Building 504* - Interior Team B

Contaminatedt Decontaminated Roof &
Roof & Ground Decontaminated Ground

Radiation Level Radiation Level Residual
(mrihr) (mr/hr) Radiation (%)

Walls Center Walls Center Walls Center

3.9 3.0 3.5 2.0 90 67
S3.9 3.0 3.0 2.0 7Z7 67
o0 3.9 3.9 2.5 1.5 64 38
0, 3.9 2.0 51
S3.0 1.5 50
03.0 2.0 67
S3.:0 3.0 100

3.0 2.5 83

4 2.6 3.0 2.0 2.5 77 83
g 2.6 2.6 ..2.0 1.5 77 58

. 3.0 3.4 -'2.0 1.5 67 44
• 3.0 1.5 50
s 3.4, 1.5 -44
0 3.0 1.5 50S2.6 '2. 0 77
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TABLE F-13

LOGISTICS JEflRCISE DECONTAMINATION DATA

SECTOR II

Building 514* - .Interior Team-A

Time of Measurement-s**

Contaminated Ground 17-4. (I Feb 621 Temperature 260F
Decontaminated Ground. 1715 (2 Feb 62)

..Contaminatedt
Ground Decontaminated Ground

Radiation Level Radiation Level Residual
(mr r) " r Radiation (I, ,

Waills Center j Walls Center Center

6.6 5•.o 1.5 1.2 23 24
6.6 .. 3 I,23 0.8 20- 24
6.6 ,0 1. 0.7 18 A

S6.6 4.4 1.3 0.8 20 , 20
P 2.7 0.9 33r:: 2.7 1.0 37
Sa3.3 1.1 33

2.7 i.I 41 ,
S2.7 1.0 37

6.3 5.3 1.5 0.9 24 17
r 6.6 3.3 1.1 0.8 17 24
O4 8.0 4.3 1.0 0.9 13 21
Hi • 53 1.3 1.0 21 19
1i 4.6 1.0 I 22

•o 5.3 1 .0o•1.0 I 19

4f 2.3 1.0 I43f 2.3 0.9 39.

*Roof was not contaminated.
**Measurements taken 3 feet above floor with an Eberline

Model E-200A radiation meter. See Figure F-6 for location
of 'ýeadings.

tValue at time decontamination readings were taken.
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TABLE F- 11

LOGISTICS EXERCISE DECONTAMINATION DATA

SECTOR II

Building 516* - Interior Team A

Time of Mea-surements**

Contaminated Roof & Ground.1745 (1_Feb 62) Temperature 260F
Decontaminated Roof & Ground 2 k2 FeD07.

Contaminatedt  Decontaminated "Roof Ground
Roof & Ground

Radiation Level Radiation Level Residual
(mr/hr) (mr'/hr) Radiation (%)

Walls Center Wall . Center Walls Center.

3.3 5.9 1.2 - 1.2 36.. 20

"5.9 5.5 1.0 , 1.0 17 18
6.5 5.2 2.2 1.0 , 3i 19

7.3 7.8 . 1.2 i1.1 16 l.4

7.8 1.3 j 17

55 18

7.8 1.7". 22

6.5 1.1 17

4.2 1.0o2. 24 .
6.5 1.0 15

*Roof decontaminated by sweeping.

**Measurements taken 3 feet above floor with an E berline

Model E-200A radiation meter. See Figure F-6 for location
of readings.

tValue at time decontamination readings were taken.
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TABLE P-15

LOGISTICS EXERCISE DECONTAM INATION DATA

SECTOR II

.Building 517* - Interior Team B

Time of Measurements**

"Contaminated Ground " 174- (I Feb 62 Temperature 260F
Dedontaminated Ground 1825 b62)

CoofntaminatedtG n I Decontaminated Roof & Ground
Roof & Ground

Radiation Level Radiation Level Residual
(.. r/hr) (mr/hr) Ra-diation (%)

Walls Center Walls Center Walls Center

5.2. 4.5 1 .3 0.9. 25 20 '
3.9 5.5 0.-.8 "1.0 21 18

5.2 6.5 1 1.0 1.0 19 15

.5.9 1. 5 25

6.5 1.5 23

8.5 I' 1.0 12
6.5 1 1

1.0 15.6.5 1'10

6.5 . 0 15

2.6 0.8 31
6.5 i.0 15

*Roof decontaminated by sweeping.
**Measurements taken.3 feet above floor with an Everline

Model, E-200A radiation meter. See Figure F-6 for location
of readings.

tValue at time decontamination readings :were taken.
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TABME F- 16

LOGISTICS EXERCISE DECONTAMINATION DATA

SECTOR II

Building 518* - Interior Team B

Time of Measurements**

Contaminated Ground 1745 (1 Feb ..62) Temperature. 260F
Decontaminated Ground "1825 (2 Feb 62)

S Contaminate~dtG'I Deoontaminated Ground, ! : ....... G.round

T- Radiation Level Radiation Level Residual,
(mr/hr) (mr/hr) Radiation (%)

Walla- Center Walls Center Walls center

. . 4.5 1.0 1.1 30 24
3.3 3.3' 0.5 0.5 15 15
P!39 3.3 0.5 0.5 '13 15

"V 4.5 4..2 0.5 0.5 11 12
4.5 0.8 18S3.9 0. le
3. 21

'0.8 21
1.2 29

4 5 6.s 5 0.6 1.3 13 20
. 4.9 26 0 .5

7.2 3.5 0.8 0.5 11
: 5.5 I o0.8 19 15

. 3.3 0.6 18
3.9 0 .8 . 21
3.3 1.0 30

.*Roof was not contaminated.
**Measurements taken 3 feet ,above floor with an iberline

Model E-200A radiation meter. See Figure F-6 for location
of readings.

Value at time decontamination readings were taken.
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APPENDIX G

MIGRATION TEST DATA

Test data-on the vertical and horizontal migration of
simulated fallout are presented in this appendix. In order to trace
the migration, a fluorescent - Liquifluor - was sprayed onto the sand
used as the fallout. The extent of the migration was then determined
by comparing the original concentration on the plot with.the concen-
trations of Liquifluor measured at various depths, both on the plot
and downwind from it.

The instrument used to measure the Liquifluor concentrations
was the fluorometer.. This instrument, which is sensitive to the amount
of fluorescence of a material, was calibrated by measurihg the output
in piiamps of four..known concentrations of Liquifluor in toluene (see
figure G-1). The volume in each case was 14 ml.

The method of taking samples and pieparing 'them for the
fluorometer measurements is described in Section 4.4. In the tables
following, the original Liquifluor concentration (before migration)
is noted above the tebulated data. For each sample, the fluorometer
reading, its corresponding Liquifluor concentration, and the percent

* of criginal concentration are given. The numbers in parentheses are
the powers of 10.
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APPENDIX H

ANALYSIS OF DATA

H-I.. Percentage Decontamination of Test Plots.

Test-plot radiation measurements were taken with detection
and associated electronic equipment which converted the radiation
intensity at the detectiori element directly into electric current of
about 100 micromicroamperes. In this system, the current readout Was
directly proportional to the radiation intensity, which allowed calcula-
tion of decontamination percentages from current measurements without
resorting to conversion of electrical current into radiation intensity
units.

Each test plot was scanned across its 20-foot.dimension at
-0-foot intervals. The current measurement was recorded on an X-Y re-

-corder versus the detect6r's relative position over the test plot. A
set of measurement scans were taken before and after decontamination
wih. each of the scan positions being the same for each set. Prior to
each test, background measurements were taken.

The area of the recorded trace 'of current versus, detector

position of each scan was measured with a planimeter, and the corres-
ponding area of the background measurement was subtracted... Thd result
is an integrated factor which is proportional function of the average
radiation intensity acrobs the test plot.

The percentages of decontamination given in this report are
defined by the equation

% Decontamination = 0 - ld (100) • (1)"10"

where

I= 'adiation intensity of contaminated area

I= radiation intensity of decontaminated area

Since the factors obtained from field measurements are directly..propor-
tional to the radiation intensities, the percentages of decontamination
of the porticn of the test plot under eachscan may be calculated by

FaFF Fd~
% Deconta.mination ( L 1 - - (i00) = D (2)
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whereIr

Fe =integrated factor of scan over .ontaminated plot
less background

Fd= integrated factor of scan over decontaminated' plot
less .background

There were from 5 to 11 scan positions for each test area.
A percentage of decontamination was calculated for each scan position.
These, along with the areas of the X-Y recorder graphs,'presented in
tables E-I through E-42.

The average percentage of decontamination was calculated
in the us1aL way by taking the arithmetic mean, which is

weAverage % decontamination = (3)

where J

-Dk percentage of decontamination of the k th scanI .position

I=number of scan positions in set

The variances of the percentages of decontamination about
their average may also be estimated for the data. Since each scan
-osition percentage. is independent of other positions, and highly
dependent upon contaminant level in the immediate vicinity of its
position, the variation in .decontamination percentages would refle6t

primarily the variation in decontanination effectiveness and not
variation in the original contamination level. This supposition is

enhanced by the facts that (1) the detection element was shielded with
a collimator, and (2) the basic data are integrated values over 20-foot
lengths. It must be assumed that variation in decontamination effect-
iveness is independent of contaminant mass level 'over the mass level
ranges used in the tests.

In the tabulated data, a confidence interval is given for
each average percentage of decontamination. This interval is based on
a 90% confidence level, and is a measure of the variation of decontamina-
tion effectiveness and experimental error. Determination of experimental
error would have required repetition of experiment, but the error, rela-
tive to variati.ns of decontamination ffcc-tvness, -was probably n•-ail.
Therefore, the presented confidence intervals will represent the range
of decontamination percentage about the calculated average which will
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have a probability of 0.9 of containing the true percentages. The
confidence intervals were calculated with the following equations:

a 1 N (4a)
(N-1)

ts (4b)

where

" S = Standard deviation

C..; confidence interval

D -= summation of squares of each scan decontamination
percentage.

N
E Dk summation of scan decontamination percentage.

NY= number of scans in set,

t student's t statistic

The standard deviation is divided by the fr-7for the deter-
mination of the confidence interval as each scanis decontamination
percentage is an average statistic, allowing use of the t statistic.
The values o' t for sample sizes of 5 to 11 at a 90% confidence level
are:

Number of scans Percentages of t distribution

5 2.132
6 2.015
7 1.943
8 1.895

.9 1.860
10 1.833
.11 1.812
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In test data, when single point measurement's were taken,
such as roof radiation measurements and sand activity and weight,;
the confidence intervals were determined by using the equation

"Confidence interval = :L.645 S (5)

H-2. Regression Analyses of Percentage Decontamination.

In addition to the analyses designed to determine the amount
of decontamination affected in each of the various tests, it is also
of value to determine the movement, if any, of the contamination over
the test plot as it is being decontaminated. Regression analyses were
performed onthe test data-to detect any such tendencies of the decon-
tamination percentage to be dependent upon the test-area position.

Regression analyses consist of assuming that the response of
experimental measurements is a function of some controlled independent
variable. A mathematical model is so constructed and then testedfor
significance. For such analyses to be'meaningful, the mathematical
model.must be significantly better than the original data, and there
must be reason for response dependence.

In the regression analyses of thi-s report, the dependence of
the decontamination.percentages on the scan position.s .determined.
Such analyses can be conducted only where the direction of the decon-
tamination operation is the same for the entire width of the test plot.
Such procedure was used in the field tests for the motor grader, blade
and rotary snow plows, towed scraper, and fire.hosing.

The procedure for regression analysis begins by calculating
the slope of the curve (assumed to be a straight line) of the indepen-
'dent variable, scan position, versus the dependent variable; percentage
of decontamination. Although different in principle, the formulas are
identical to those for calculating a least squares line. The second
step is to determine the significance of the calculated slope, which
is actually testing the dependence of the percentage of decontamination
on the position. Regression analyses of this type is based on the t
statistic, andthe 90% level of confidence is used.

The regressions analyses of the test areas were determined
in the following manner:

a. Calculations of the basic parameters, using the equations

-N

E P-l+2 +3+. 2 .+N
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.* % ,+ • r + . + : -.(7)

=iý +._Da +3D +. +N (8)•Pý k 1"D,,-+ 21) + A• + . .+ND. (8

1p 2 ? +2P +3. + + (9)

1.

~D l+ ~+ D.3.+. + D, (10)

where

P = scan position number.

D = scan decontamination percentage

= nuamber of scans per plot

b. Calculations of variances of the above parameTers

( N

SN-

N 1

(1.2)K-i

c. Calculation of slope, b, of regression line

N N-

N Pk____

Z PiDk -
b N (13)

N .a NPk"

d. Calculation of variance of regression line

"4'-= - b2 Sp) (l1)
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e. Calculation of t statistic

t S :~T(15)

f. Calculation of intercept, a, of the regression line
N N

(16)

N N

g. Formula for regression line.

D = a +bP (17)

The above calculated value of t is then compared with values
frbm a table of t-distribution values for (N=2) degrees of freedom at
the 90% level cf confidence. If the calculated value exceeded the
value from the t table, there is 'sufficient reason to say that theline 3
of regression is significant, and, therefore, percentage of deccntamina-
tion. is dependent upon relative position on-the test plot. It should
be noted that the variance of the percentage of decontamination, S2 is

the square of the standard deviation of the Average Percent Decontamina-
tion, given in the previous section. When this standard deviation is
large, signifying very uneven decontamination, it will tend to conceal
the significance of the regression slope, if it does exist..

The purpose of regression analyses of these data is to give
some indication of area limits for-which a particular type of decon-
tamination is effective and feasible. A large regression slope means
that a great amount cf' .he contaminant is not being picked up or pushed
aside, but instead is being carried forward by the decontamination
apparatus, causing the apparatus to become less and less effective as
it progresses.

..In a few of the tests, .regression analyses were performed
across the plot. Data was obtained by dividing a central scan into
14 parts. These analyses indicate any lateral movement of contaminant,
which is to be expected in many of the tests.

H-3.- Calculation of Test Area Activity Level.

To determine the activity and mass levels Pf the simulant
fallout nn the test areaz, zhallow saeiling pans were placed on the
area prior to dissemination and removed before decontamination. The

Appendix H 198



sand collected in these pans was weighed and measured for specific
activity. The results were reported as:'grams-per-square-foot mass
level and microcuries-per-gtam specific activity. An average and a,
standard- deviation were calculated for each set from a test area.

The calculation of the activity level on the test area is
simply the product. of the averages of the mass level and specific.
activity, which results in miarocuries per square foot.
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