UNCLASSIFIED

W

@ f/fé |

© ARMED SERVICES TECHNICAL INFORMATION AGENCY

ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED

A L e S ) i et




" - NOTICE: When goverment or other'drawiﬁgs, specl-

fications or other dsata are used for any purpose

o other than in cohnection with a definitely related

goverrment procurement operation, the U. 8.

" Goverriment thereby incurs no. responsibility,- nor any
" obligation whatsoever; and the fact that the Qovern- -
. ment may have formilated, furnished, or in any way

supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in ahy manner llcensing the holder or-any

other person or corporation, or conveylng any rights

or permission to manufacture, use or sell any -
patented invention that msy in any way be rela.ted
thereto.

H
|
- ...;»_.“wzua.mw




< | NDL-TR-32

el ‘Cold Weather
'Deconta,mina,tion Study -

x| MecCoyII

: oy

Joseph C. Muloney
John L. Meredlfh

NUCLEAR. DEFENSE I.ABORATORY 7
and

JamesVBarnurd
- Charles - C. Kilmer

' GENERAI. DYNAMICS/FORT WORTH

July 1962 . | o \

PNCLEAR DEFENS LasoRarons

%
\
.
)
-
v -

.
]




SRR R T e

AR S

F

ualified requesters may ob

Ariington Hall Station,

t&infdopies;of'this‘repofp;frbmlArméd‘ :
‘Services Technica; Informgt;cn_Agency; '
fArlingtcale,_V;rginia,lATTN: TIPCR

A\

éor L L

T

.



CLEARANCE CERTIFICATE

’

1, Title: 'Cold Weather Decontaimination Study - McCoy II.*
2, Full ﬂamu of Authore: Joseph C. Maloney
John L. Meredith
- James Barnard
Charles C. Kilmer
3. lnlta).hmon of Ortgln. U. 8. Army Nuclear Defense Laboruory
' Army Chemical Center, Maryland
. Project Number and Title Related to Material to be Cleared;
4X12-01-001-02, Lecontamination
8, Proposed place of publication: ASTIA, Arlingtom, Virginia and subsequently
to OTS, Department of Commerce.
6. Statements of Certification:
a, Publication or presentation outiléie: the United States is contem-
plated.

b, u"hln'my opiniop this material does not contain matter that should be

patented, and its release to the public 71! nat aid interests adverse to the
national defense of the Unitod States, "

7.

Signatures of Authors:

 Lickos -

GBR Agrpﬂv FIEAR prA g"'r"ﬂ l”"ﬂﬂﬁrq 70 N

i kumlﬂik.}ltuvu ...u u v U8




, Jﬁly 1962 o : ) : ,_ﬁDL-TR-Sz
| COLD WEATHER DECONTAMINATION STUDY - MCCOY II
by
Josephvc. Maiénéy
John L. Meredith
NUCLEAR DEEENSE LABCRATCRY

and

‘James Barnard
Charles C. Kilmer

. GENERAL DYNAMICS/FORT WORTH -

Recommending Approval:

DAVID L.-RI
Chief, Nuclear Testing Division

Approved:

0. (Gl

BER C. ERILL
" Lt Colonel, CmlC
Commander

s

i. 8. ARVY
Zhemical Corps Research and Development Command
NUCLEAR DEFENSE LABORATORY
Army Chemical Center, Maryland




s e e Aty 1

e = e

POREWORD

" This is the second and final report on cold weather
radiclogical decontamination. The first.report was "Cold Weather

Decontamination Study - McCoy 1", NDL-TR- 2&

The work was authorized under Army- funded ProJect
4X12+0L-001- 02, Deccntemination (U), with equal funding fuinished
oy the U, 8 Nevy Bureau of Yards and Docks. . The work wes started
in December 1961 and - was compléted. in Februery 1962.
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. . NCT return the document to the U. 8. Army Juclear Defense Laboratory.-
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: ..llitary Installations. .. —

. and the following Tindings wére'made:
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Experiments were conducted o collate data pertinent to
radiological decoptamination under cold-weather conditions.go that

"~ the necessary dats would be availeble for publication‘cf a dold~

. veatlier addendum to the Departments cf the Army and Navy te hnical
manual- TM 3-225 (NAVDOCKS TE- PL-13), Radiological Recov ' of Fixed

r—~.‘.

P

;> A series of fallout deconta nation tegts was conducted in
" the temperature range of -i10%*to ¥32%F.at Camp MeCoy, Wisconsin, on .

. appropriate winter surfaces using maintenance, snow-remcval, and;fire-

fighting equipment. Following this, a contingent of 2u troota decon~
temineted & 3z-scre living quarters complex as8 & 1ogistic exercise.-
Tests were also conducted on the migrstion of fellout deposited on -
ice and sncw, and the shielding effects of ice and snow. cover.

Proper weather conatti cns were experienced et the test site

(l' Decontamination of hard surfacee 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 alsd be awept
effectively.: :

[3\ Roofe were bvest decontaminated by sweeping with oroome
The use o? fire Loses wes of marginal effectiveness.

(4) A 3——aere vicg caarters comtlex can be aecontaminated
oOﬁ by & 2i-man team which would receive Zess than a 5 r dose 'aftera .-
two-weex walting pericd -under the fa-lout ﬂonditions of 2000 r/hr at H+l.

5(5) Migration cf fallout in ice end snow was restricted to a

few inches vertically and a few feet . horizontally under the weather cone
f'ditions exper*encea at the site. '

I\,

MILITARY PPLICATIO

The available decontamination technical manuals, TM 3-220
and TM-3-225, are inadequate for planning radiologicel countermeasures
under cold-weather conditions. This report covers the FY- 62 efiort ‘to
obtein information to ecrrect this deficiency.
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“COLD WEATHER DECONTAMINATION STWDY - MCCOY II -

I.. INTRODUCTION.

. The objective of thia project was 1o conduct experiments and

_collate datg pertinent to radiological decontamingtion under: cold-weather“,_‘
" conditions so thet the necessary date would be available for publication

of & cold-weather addendum to the Departments of 'the Army anc Navy
“technical manual TM 3225 ~(NAVDOCKS TP-PL- 13) Rediological Recovery of
- Fixed Milite.ry Installations.‘, ,

1.2 ustificetion and Reguiremente.

TM 3-425 presente methods and deta neceeeary to perform decon-"
temination operations on fixed militery installations: under temperates -

Vweeﬁher conditione.: ‘The application of basic recovery criteris asntained .
- in this manual will have to" b& modified, of alternate methods employed, ‘

for décontaminatioh: operations ‘unpder - oold-weether conditions. “Large

.portiofis of ‘the United States could be affected for-dn extended period of . .

.time by cold weather (~10° to +32°F), ‘thus affecting any coptempeated

' aecontamination operation

' 17.3 - Beokgound.--

“The- historicex becxgrouno and cold-weether data background per=-.

_ tinent to this project are contained in the first rerort -of this- project,rﬂ
. NDL-TR-2k, "Cold Weather Decontemination Study McCoy I.™

,l.h 7 02eratione1 Plen

]

The following testinn sc hedule was -planned &t the Camp MeCoy
teet site (see figure I-1) in the temperature range from -lO°F to +32°F.
“ Ty .
Lot oA eeriee -of 42 decontamination trials, ueing radioactive,‘

o falloet simulant on nominal 20 by 100=ft. aregs to obtain effectiveness

.- and effort aete

P

- 1,h.2 The decontamination of a h-acre compleg of buildings ana

~of surrounding terrain and pavement, contaminated with radioeétive fall-

out simuient, to obtain logietic requirements for an 1ntegrated recovery
- effort. .

1, h 3 “A eeriee of teete, tracina “the movament of: rluoreegenm
fel1nn+ aimilant thet had been dgpesited on snow in Oldcx Lo obtain data °
“on vertical and: horizontal migration. o ‘T;’,/’,,

1.4, h Two teete to determine the ehielding effects of snow and
ice cover over fallout.
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. The'bare-grouna, bare- ae*halt, and the snov test plots meaeured 26 x.100

- areas varied’ from 600 4o cCOC square feet.

‘D“ébare the. packed=-snow . plote. -
fuuring mcst of the test period, one aree requiring loose snow over packed -

(3) adaing a- 19% solutlon of eodium silicate to serve as &’ binder, (h)

baking the mixture at 1000°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 was-completeéd just prior to the start of a .
test seiies. 'Detailed descriptions of the equipment and .brocesses ueed o

- in fellout-simulant proau.tion are presentea in Appendix A,

l 3 Simulant Dispereal. C .'"' f__ ' - o S

" The ferlout simulent was dispersea on land-swrface &reas by & -

"Burch-Hydron sand spreader mounted on & li-ton -dump truck (see figure-
",,II -1). At the start of u test seriles, the fallout simuiant was trans-

ferred from the biending truck to the spreader by means of a fork-lift-

, mounted hopper. The spreader, adjusted to deliver ~ 50 grams of simu-

‘_ant per squaré foot in a swath eight feet wide, was.then driven ovVer

- the test area at ‘slow speed to minimize siippage of the frictione-drive

wheels. On ro¢of surfuces, the fallout simulant- was spread with & two=

foot-wide Szott lawn spreader equibpea with & ten-foot-rong extehsior
handle.

- 2.2 ’~reparaticn of reet Surfaces.

_Decontaminaticn operetione were conauctec on seven types of

.'surraces auring thia series of tests:

- 1. _Bare grou.nc. (frozen) i
2. Bare asphalt o .
"3.  Bare concrete ) !
4. Packed snow ;
"5, Loose snow over packed snow
6. Undisturbed snow .
7. Bare usphalt- ahingre roofs

feet, while the bare-consrete plots measured 20 x 60 feet and uhe roof

'"_ ince the Camp McCoy test eite wa8 covered with an average of = -
seven -inches of snow throughout the test period, preparation of bare-
surface test plets involved the movement "of large amounts of snow. ‘Land-
surfice areas were cleared by means of road graders followed by mechanized

sweepers (see figures II-2a, b) Roo? areas were_creared by hend-shoveling
and sweepingi . . : ’

A tractor-towed pneumatic roller (see figure Il Zc) was usec to -
Since no signilicunt snowfall occurred

snow was prepared by picking up loose snow with & trector-mounted front--
loader (see figure II-2d), and aumping and leveling 1t over packea snow.

11
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2.3 o Decontamination Openetione.’

The varioue types of equipment employed in decontaminating teet
piots, are shown in figure II-3. All units tested were of the type

' normelly available at large military instellations. Except for.them T
rotary snow plow (blower) and the.towed scraper (pan loader), which were

tested under loose-snow conditions only, all units were dperated under 8
variety of surface ana temperature conditions._

2. 3 l Mechanized Eguigment Operetion.

Removal of fallout simulant was acﬂompliehed by'covering the
test=plot area cnce with the particular vehicle being tested, with the.
exception of the motor grader tests, one vacuum sweeper test, and one -

. mechanical sweeper test. The sweeper tests are so indicated by first -
"~ and secdbnd decontamination.* All gradifig 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 directicn; each rass slightly overlapping the

Previous one.- The swéeper made back-and-forth-passes. All equipment ‘was

adjusted to achieve the maximum effectiveness possible in ohe decontamina-

tion. - The windrows-created by grading and rotary broom sweeping of snow
were pushed in oné direction -to & distance of ten feet from the edge of

the test plot.. The snow collected by the sweeper ‘and towed scraper was
aumpea in a ﬂentra-ly located aree.

- 2.3.2 Meﬂhenizea Equipment Decontemination.

’ Under the dry, 'coid conditions encountered during this eeries of

«tests, little aiffieuzmy'was experienced- in removing radiouctivity that
had accumilated on medhanized equipment during decontamination operations. -

The material did not adhere to rubber or steel surfaces, so that it was .
readily remecved by brushing. Eguipment with conteminated greese and oll
spots was effectively decontaminated by steam-when applied under the
shélter cf a, ,buliding. - In cases of low activity, hot spots were allowed
to decay. Material accumumating on grease and oll spots amounted to &

_emall fracticn cf the tota¢ eﬁtivity founa on equipment after completicn'-

of operations.

taminations.

_Cut refers to the removal of a top Layer of snow, from the entire test
plot.

t Pass meemekene_trip'across the length of the teat plot.

7';14

r"he test plct-was not recontaminate~ between first and seeona aecon-dr
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Qs 3 3 Fire Hose Operation.

_ Except’ for one test (bare ground at 21°F, fog nozzle) in which
& fire-engine pumper wes used to boost pressure, all fire-hosing opera-
‘tions were conducted &t local ‘hydrant pressures- of approximately 90- psig.
This resulted in nozzle pressures of 40-50 psi, .dépending on the.size -
and type of-nozzle uséd and the length of hose lay. Three iypes of
nozzles %ere used, all manufictured by the Wooster Braus Company: :
'*”25-1nch nozzle with & l-inch bore; a li-inch nozzle with & %-1nch bore,
and & ls-inch nozzle with PP quad-way adjustable bore. The £irst twvo
were regular etreight-bore hose nozzles, while the latter was an ad-
Justable-bore fog, nozzle.” Standard 2%-inch-diameter fire: hose was -used .

- extept with the li-inch nozzles vhere several lengths of l:-inch diameter

hose were used between the nozzle and the supply line.

R00¢s vere decontaminatea by lobbing the water Prom ground level;'

surface plots were cléaned by walking over the piots and directing the-
stream.forvard and to the sides so that the simulate . .wap washed to the
sides of the plots. Hosing operations were terminated when, on the basis
ol visual observations, material removal was: esgsentially complete or

- freezing conditions: rendered further effort ineffective. Typical hosing -

operatione are shown in figure II L,

: 2.4'(‘ Test Measurements.

. Test meeaurements incluaea rediocactivity eeve1e, meteorologioal
conditions, and time vequ;red to .omp;ete deoontaninaticn opera*ione

2.1 Radioactivi‘tx.- R Ty

A varietyrcf difaerent'tynes of radiomctivity measurements were.

. regquired in this tést rrogrem.. These incluied (1) source strength -of the

tracer material, (2) concentrations of radicactivit v in the fallout simu-
“lent, (3; radioactivity on test piots before and after decontamination,.
(%) doses recelved by equipment’ operators, and (5) the many routine
health-physics type measurements required to.support largeescale field-
tests invelving the use of radtoactivity. Radiation measurements made .
""auring simulant préduction are discussed in Appendix A. Radiation
measurements-made as-part of the health-physics support program &are pre-
.gented in Appenaix B. -

- Reaiation levels on land-eurfu e test piots, before and after -
,decontamination cperations, were measured with a&.continuous-scanning . *
radiation-detection system (see figure II-5). -This system, which is
‘described in detail in Appendix C; consists.of a collimated anthracene
scintillation detector, & 20-foot horizomtal traversing. mechaniem, and
an X=Y récorder. Operated-at-a height of che 'foot, the detector hes an
uushielded circle of acceptance on the test surface of one foot in -
diameter. In taking the. .measurements, continuous traverses were made .
at ten-foot intervals elong the Length of the test plots.

,_119
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) e Radiation levela on roofs of buildings and ‘dose rates at- vehicle
. operator positions were measured with an Eberline Model E-200 rediation -

survey meter.or a Nuclear-Chicago Model 2586 "Cutie-Pie" radiation-
detector meter. :

FRwS Meteorolqg_gal Conditioﬁe.

Four types of meteorologlical measurementa were made during test
operations: (1) surface temperature, (2) air temperature, (3) wind ‘
speed, and (4) snow density.. Surfeace temperatures were medsured with
thermometers placed face-up on the test plot; air temperatures were

measured with thermometers mounted on -the raaiation-detection traversing

mechanism at a height of 3 feet. Wind apeed measurements were-made with
an anemometer mounted on top of Building 645, Snow density wms deter-
mined by. welghing a samp.e in a-plastic cylinder graduated in- volume

-units. Further detaills’ regarding meteoroingiﬂal measurements are pre-

sented in Appendix D.-
W 3 Decontamination Time.
- The time required by a(particulaf'vehieie toﬂdecohtaminate‘a

given type of surface area was méasured with a stop watch. Timing of
decontamination operetions begen wheén g vehicle started its first pass.

over a test plot and ended when the vehicle had covered the plot. Off-
©plot maneuvering of the vehicle- -was ‘not in.ludea in the timing of the

operation.,,
2.h.4 Field Data..

- Thetfollowing data were recorded during eaeh decontamination
test: T ) ) : '

Backgrouna raaiation levels across- the center o-_the piot at

several different instrument sensitivities

] Radiation levels at lO-ft interva_s acroes the eontaminatea
and aeﬂontamina ea plot.

'Dose rate to the,decontamination operator both on and off test
plot. ' : oL S :

" Time Tor each decontamination pess.

VTypicai X~y curves recorded from each scan are ehown in figure II-6.

The areas under each curve, including the radiation background curves,
were obtained with a pianimeter. After- subtracting the appropriate ]
background-data area from each scan, the net- ares was entered on the

data chects shown in Appendix E. The ratic of the decontamination area

to the contaminaticn areé gives the iraﬂtion ‘of material left on the plot7
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the remaining fraction is,. of course, the amount removed. The remaining -

fraction 1s shown a&s percentage of decontamination in all aata gheets
end summarics. It was not necessary to convert any scanner date to

- radiation intensities, since only the removal efficiency of each tech~

nigque was desired. However, the values reportea as radiation levels
are approximately 6.67 mr/hx at the detector element per unit-area.

2.5 'Results and Discussioni

‘2 5 1 Resulte.

The. data collec+ea from the fiela tests of decontamination of
test plots are summarized in table II-3.: This summary-of results ine

“cludes the average percentage of decontar nation and 1ts 90%,°onfidence
_ interval, -the alr and surfece tempersture, the average activity level

on the surface prior to decontaminaticn, work rate, and the operator

'aose rate Detailed data are given in Appenaix E.

" Based on statisticai analyses of the field aata, the *ollowing

.. results from the teats were obtainea'

There is no signi’icant effect of teﬂperature on the effective-

ness of sweeping bare, frozen ground _.Decontanination of 86% to 90% can. -
_ be expected from mechanical or vacuum. sweeping of bare Srozen ground
under normal conditions and properly opereting equipment at a rate of

about 600 square feet per minute. Decontamination of bare frozen ground
by fire hosing results in less than 50% decontemination. If. the ground-
is reascnably sleped, short distances may be deconteminated by fire .

* -hosing with a maximum of about 85% and -& decreasse of approximately O. 4%

per linear fcot of progress.* Without a good runof? of water, Sreezing
will oceur and effectiveness will be less than 20%. Using two li-inch
hoses, deccntamination rate is about 250 square foot pen rinute.. Decon~-
taminetion of frozen ground by oullaozing and grading is completely
ineffective. ' )

'Decontamination;of,bare ecnerete or asPhalt surfaces at sub-
freezing temperatures by mechanical sweeping will resu't in 92% to 95%
decontemination et &.rate of about 1100 square feet per minute, and is
net significantly different from test results at above freezing tempera-

~ tures._ Fire hosing of concrete and esphalt is very effective at tempera-

“tures near C°F, again,” proviaed there 1s reasonable slope of surface to

. facilitate water runof £f. - Fire hosing of concrete and’ asphalt wlll resu’t
" .in a maximum of 96% decontaminetion with about C.1% decrease per linear

fooi of progress-at a rate of 2;0 sqnare feet per minute using two
lz-ineh hoses.,

# Linear foot of progrees meens the- ‘distunce traveled by the decontamina-

- tion apparsatus from the point or iine that “the decontamination wag
started. . .
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B —————————————————

Packed ‘gnow 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 22°F, - Vacuum sweepins of packed snow results in-
80% to 9C% decontamination between tempersatures of 1C°F and 3CPF at &
rate of 500 square feet per -minute. Sub-zero temperatures reduce vacuum _
‘sweeping of packed snow to approximately 50% decontamination., Fire hosing
of -packed- srow is’'a feaeible method provided.all the snow can be washed

" away in the process. Test dsta indicate that the decontamination effec-

tiveness is temperature dependent. At 30°F, fire hoslng of packed snow’
will resuit in e maximum of 95% decontamination with & decrease of 0. l%
“per 1inear foot of rrogress. At lowver temperatures, ‘the maximum per= -

- centage will ‘decreéase by 0. 5% per degree. The fire hosing rate. with two

lg-;n. hoses wilil be approximately 150 square feet per minute. Motor
grading of racked snow gives & maximum of 97% decontamination 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 sbout half for near freezing temperatures. Decontaminetion

is increased approximately 5% by the second cut. Thé time required for'

. grading racked snow with two cuts is about 300 sqpare feet per minute,

but this does nct Include windrow removal - Blade snow plowing of pacxed
gnow is ineffecteve.ﬂ :

‘Undisturbed snow aecontaminated at temperatures near zero by

~ blade snow piowing results in 94% to 97% decontamination at a rate of

5,000 square feet per minute with little or nc decrease per linear foot
of progress; however, there 1is a decrease of about u.L% per foot per= .
penaicular* to the vehicle's motién in the direction the snow is thrown.

_Rotary sncw plowing at O°F gives & maximum of 90% decontamination -with

& decrease of about O. 1% per linear foot of progress end & rate of 9CO
equare foot per minute. Motor grading ¢f loose snow gives 55% to 65%

decontamination w-th little linear decrease at a rate of apbout 50C square_”

feet per minute.’ Decontamination 6f loose snow,with a towed.scraper
gives & maximum of %% end a decrease of O. 2% per 'foot of progress at a

‘rate of 1200 square feet per minute. This-rate cannot be maintained as-

dumping will be reguired for each 1 GOO to 2,000 square feet of snow

‘deconteminated.

Decrease in deeontamination effectivenees perpenqicular to the
wvehicle's mc“ion means that subsequent pesseg made by the plow
: to widen the aecon;aminatea area LecaMe lesg* effective.
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. Bare, sloped, aspha t-shingled roofs can be aecontaminaten by
" hand breom- ‘sweeping by 76% to 88% and is temperature independent. Fire
hosing cf bare roofs from the ground gives approximately 45%. decontuming-
tion at neur zero temperuturee und approximately 67% decontamination at .
.about 25°F. For a heated bullding, the roof decontamination from fire
' hosing will be about 65% &t near zero temperatures.

" 2.5.2 Discussicn.

. rnhe results derived from the aecontaminaticn cf test plote cculd
not be baséd solely on the aecontaminaticn percentages ea‘eulated from -
the rediation intensity measurements.  Operaticnal. variab-es, such as
operatcr inexperience, mechanical céifficuities, and condition of surface,
had indeterminatle sdverse. effects on the resuita. In most of the entire.
series of ‘est these operational variebles completeiy disgulsed any
possidie temperdture dependence of -decontamination methods. Repetition
of teste-is u prerequisite cf rigorous statistical analyses, which en-
‘atles the elimination of experimenta’ error from the resuits. Without
repeated uesting under identical ccnditicns, as in:thils serles, ithere is
a greaet -depenience upcn cbservations taken during the experiments. These
observations previde expianaticn fer: ‘seeningly 1llogiﬂal deta :

“Each ind! viaaae test wus ana_yzea fer the percentage of decon-
:aminatiop'and where e,plieaoie, for variations of decontemination with
travel prcgress. These tests were +hen groured by test surfecé and
ameihed for comparison with one. another. ~ A brief discussion of each of
the test groups fcllows: '

Bare Frozen Ground.

) Bare frozen ground cen best be aeccntamiuated by mechanical
.sweeping. Of the methods tested, mechanical sweeping gave the most con~
sistent high effectiveness.and the lowest work rates. The resu’ts showed

nc temperature dependence, ncr vas it expectea. It is.0f interest to ncte

that the highest effectiveness corresponds tc the lowest work rate. Due
tc the back-snd-forth passes over the test piot, nc amalyses is possitle
for **near rﬂgreSS'effect on-deeontamina‘ion.

Lhe vacuum sweever is "omnaraoee to the mechanical sweeper in de-
.contamination of bare frczen ground. The poor results.encountered in two.
~ of the three tests can Be Lcntr¢outed tc faulty equipment; 1f in progper
rerair, decontamination from 85 5% to 90% should Dde expec ed.

- Grading on bare frozen ground is almost comp*etely ineffective.
The scraper blade will not penetrete the ground and succeees only in re-.
arranging the materiai.  After cotaining the- aecontaminetipn date from
" _the grader operation, the D-5 bulldozer was tried on the same test plot:’
Even by drdpping the blade from a height of two feet, it was impossible
tc dent the surface of the ground.. At this time, it wus estimated that
the ground was frozen tc a depth o‘ two to hhree feet., :
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: Mire hosing of frozen ground cannot result in more then approxi-
mately 80% decontamination at subfreezing temperatures Sand partiecles
 are trapped by irregularities in the surface and become frozen in the

- uccumulated ice. This becomes more pronounced as an area is extended.
Effectiveness will decrease from 0.2 to 0.7 percenht per foot of progress,
depending upon the temperature and slope of the land. Effectiveness alsc
tends to be dependent upon the work rate. © : B '

Asphalt and Concrete.

There was no apnarent uiflerence between bare con rete decon-
taminaticn by sweeping or hoding. The- dedontamination of smooth harg
surfaces with & mechenicsl sweeper will be from. 92% tc 95% under cold
—weather conaiticns, which is the same as reported vy U. 8. Naval-Radio-

lcgical Defense Laboratory (USNRDL)® for temperate westher tests. The
;eow vercentages obtaired from cne mechanical sweeper test on asphalt

" ~and from the vacuum sweeper test on concrete were due to faulty equip-

ment. w1 th progper drainage 90% to 96% decontaminaticn cen be obtained
Prom:-fire hoeing at near zero temperatures; as compared to. 95% to 96%
expected under temperate weather :eonditions.*  Without drainage -of wauer,
‘very poor aecontamination results from fir= hoeing

Puckee Snow :

Pacxea SNOW may be aeﬂontaminateq by sweeping the fallcut from
the surface or by removal c¢f- the snow by grading or fire hosing. Mechun=
lcal sweeping 18 the most effective method, glving 90% to 95% decontamine-
tion with proper adjustment of the brush. Its limitation is its hopper
cepscity which necessitates frequent unloading when used cver snow. The
vacuum sweeper 1s nct us ‘good over packed snow for several reasons: the
surface 18 relatively rough; the sweeper's traction 'is marginal; the
hepper £1lls up very rapidly. With & properly operating vacuum sweeper,
80% to 90% decontamination cen be expected for herd packea snow areas ol
1ess than 4000 scuare feet per honper fu'l. .

Motor 3rading of packed sncw for. ue"ontaminaticn *s 8 matter of

" removing the" snow from the surface. Although the simuiant’ is originally

“on top of the sncw cover, it tends to work under the moldcoard as the snow
18 being scraped, thus reducing the effectiveness as progress is mede.
This reduction vecomes more prominent as temperature decreases, which is
“probably due to the gand and ice crystals tending to have similar physigul
_characteristics at neur zero temperaturés. When:it is pcasible to remcve
ell the packed sncw with twe cuts of 2 to 4 inches each, 97% decontamina-
tion can be ex,ected at the beginning, with a reduction in effectiveness
from 0. 1% to C.4% per foot of progress. Not enough data was cbtained to
ineieaue whether the reduction in decontarmination .with trave; is & lineur
. fuhetion or whether it wi*l reach an ecu;ljbrium vaiue. "

]
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Fire hosing of packed snow is an effective method, provided the

- snow can be washed from the surface in the process. Decontamination

effectiveness increases as the temperature approaches thewing because

- the. snow is easier to remove and because there is less likelihood.of.

thi-water refreezing on the surface. The reduction of effectiveness
wirh progress was detected from the fire hosing test data, the reduc="
tion being approximately 0.1% per foot; 1t would probably be hisher if

: wider strips were washed.

Loose Sggw Over Packed’Snov.

There were two loose-snow-over—péckedisnow teéts; One rlot con-
sisted of light natural snowfall over a packed snow area, This plot was

. motor graded to produce results similar to grading of loose enow, except
,,there was noted a reduction in effectiveness of about 0, l% per fooct. The
~second piot was prepared by spreading loose snow over -packed snow with a

front-end loader. The following day the "loose" snow wes frozen hard.
As a-result, the blade snow rlow could not penetrate the snow. Aqmotor“

" grader was then used to decontaminete this area. The results from this

test, as expecteo, were the same as thdae from- packed gnow tests.

Undisturbea Snow.

undisturoea snow c¢an be most effectively decontaminated from S
to 97% by blade snow plowing and at & work rate unepproached by ény other
method emproyed 1h this series of.tests. Although no réduction in effec=
tiveness was detected along the path of progriess, a reduction of 0.4% per
foot was observed in the direction the snow was throwm.

_ Rotary snow plowins 18 much siower 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 abbut 6 inches of undisturbed

sncw,.- -In the test, radiation levers a8 high as-5. mr/hr were measured out
to LOC Feet to the side.of the test prot a8 simulant and snow were thrown
into the air and carried oownwind. ’ .

Motor graaing of "undisturbed snow gives from 55% to 65% decon-
tamination. Operator skill will determine the effectiveness of decontem--
fnation within the above limits. 'As with packed snow, the simulant would

“work under the moldbeard. In addition, with large emounts of snow being

pushed aside, it was difficult to maintain-the moldboard cutting edge- -

_parellel to the ground after the first pass, since one side of the machine

was riding higher than the: 6thér. The angle of the moldboard was varied

to prevent material from r0rling over the top c¢f the blaae and back onto
the cleared area.

: The towed scraper. results in faster, morée thorough dernn+nminat:on
in @bout -6 inches or undisturbed snow then either the motor grader or
rotery snow plow. The time rate is very deceptive as it does not ineclude
time for hauling and dumping, which would probanly ‘be necessary after

;every 2 tc 2 minutes of scraping.




 Bare Reofs;

‘Fire hoeing of roofs in subfreezing weather results in almost
immediate icing. - The results show that the amount of decontaminution
1is temperature dependent. It was also observed that a concentrated
stream lobbed on the. roof reduced icing rate over & spray or fog-type
stream of water.. -The object was to get as large & volume of water as
possible running Sown the roof in order to prevent freezing. .The
raiiation -measurements cf the roof tests were extreme_y aifficult to
teke. In one test, the_aecontaminated roof could not be measured for .

two days after theTtest because -¢f fecing. In another tept, delay be- "
- cause .cf weather caused specific. acitivity of the sand to decay to a
" very low levei, and resultéd .in low radiation measurements. The re-
sultant percentages of .decontaminations are, therefore, not as accurate
-a8 those given for the test plots. They do-serve, however, as a good

"indication of ,cln-weather aecontamination that can be achieved by Tire
hcsing

Hana broom sweeping cs rcofs in cold weather glves reeuits com=

perabie to thcse from temperate weather tests.®
) 2 6 uO‘flw.\J.S O..b.

Q

'l. In oe_ow-freezins weaeher, hard, dry surfaces 2an be aecon-

o uawiretea by 9% or mcre with mechanizal ‘or vacuum sweening at -a_rate

CO uo 1COC sguare- -eet rer minute (pius time required Tor emptying
oins;. . .o

i 2. Fire hosing is 5C% to 90% effective foredeccnfemihetidn of -
mall areas in temperatures to zero, provided the surface. is reasonebly .

smooth and sicped,” and the bulk snow or loose dirt. to be meved 1s not
too great. This method 1s slew; it requires three to five: operators,
and weter fiow must be maintained tornrevent freezing in ‘he hoses.

3 Packed sncw may be 85% to 9;% decontaminated oy aweeping
-and 00% to 90% Gecontemineted by grading. Fire hosing cf racked snow
is possiole ‘under igd eai.eonaitiona. a ’

».f Undisturbed snow cen te deconteminated only by removal cf '

the BNOW., Pose*ble metheds, in crier of their effectivensss, are blade .

snew picw, towed scraper, ro+ary gnow plow, and grader.

5. Roofs can best be aecontanineted by sweeping, fire hosing-
produced marginel results.

,35.7 .
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III. LOGISTICS EXFERCISE -

After completion of the evaluation tests described previously,
8 Logistiﬂs Exercise was conducted whicH had, as its objective, the :
determination of realistic equipment and manpower requirements for the
decontémination of built-up areas composed of many surfaces. The area
selected is shown in figure III-1l, a plan view of a two~block section
- of Camp McCcy. This area,’ after,being gpread with falléut simulant, }
was decontaminated by two 12-man teams made up of troops from the Fifth
 _Engineer Battalicn] Fort Ledndrd Wood, Missouri, and from Mobile Con~
. stru*t;on Battalion Four, U. S. Navy, Davisville, Rhodd Islana.

. _The fallout simulant was prepared in the. same manner_as that used
‘on the test plots (see Appendix A). A Burch-Hydrdn spreader (see figure

- II=1) was_used wherever poseible; rodfs and ‘other aread inaccessible t0 |
this vehicle were covered by means of hand tools and a garden- spreader.

R

3.1 : Descript;on of Test Area.

il
The test area covers about 35 aecres of lend én which aret locateu o
“four .single-story frame buildings (505, 506, 516, and 517) and four two-
stery bufldings (504, 507, 5liy and 518), all having asphalt-shingle :

.- roofs. . Ten=foct-square consréte slubs enclosed by low walls are lceated

between some of the builldings and are used for storing ccal. Bieecting

the area is a macadam roadwsy, East L Street, on either side of which is
a bar ditch. Where the access rcute indicated in the figure crosses the
" roedway, covered concrete culverts are located. At the.time of the test,
the whole area was overea by abvut g1x 1Inches of frozen snow.

3.2 Test Operations.

: ) The test area was divided into twe main parts: Sector I, north
of *ast L Street; and Sector II, south of East L Street.- Bach sector wes
then slibdivided by the access route, the area eagt c® the route being
ass*gnea to one team and that west of the route to the other. In this

pcrt the teams wiil be “e;errea to simply as Team A and Team B.

3.2. l ueneral Procedure.

. l"he proceaure adherea to in executing this exercise was, 1n gen-
era_, as-follows: GD/FW personnel spread the contaminant over Sector I
and recoried measurements of the activity levels on the ground complex,
on rcofs, 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. Afier
the decontamination of Sector I, the GD/FW personnel réturned to. Sector I
to take measurements of the residual activity while the two .teams pro-

- ceeded to-deccentaminate Sector II.. When Sector ITI had been decontaminatea,
residual activity levels were -8180° measured there. .

The equipment used during the *ogistics exercise is describea in
Table III-1.
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:‘3 2“ 3 Deoontamination of Sector I. o _;uj‘. . ﬁfﬂ'”

) ; - Decontamination operations began with the rotary-broom sweeper
being used to clear road surfaces (see figure III-2a). Roofs of .
" buildings were cleaned next, stralght brooms being used on Buildings

'e:SOS and’ 506 end fire hoses on. Buildings 504 and 507. Team B operated

from the ground with a 24-inch hose eguipped with & 1- inch bore nozzle,

whereas Team A worked from the ridge of the ‘roof using a la-inch hose L

“and, %—inch bore nozzle.

“.To aecontaminate lanu areas, Team B used the 99 H road - grader ’

ﬂ-ani_the towed screper (pan loader) pulled by the MRS tractor (see fig-.

ure III-Z2b). MTéem A used the tracked front-loader (see figure III-2c)
and the D-8 oullqozer with straight push blade (see filgure III-24).

o Hand shovels were "used by both teams.. Cleanup consisted of winarowing 7

the snow ané pushing Qr. hauaing it out ¢f the area. . -

3. 2 3 Decontamine*iog of Sector II

The road aivioing the two sectors was agein clearea by rotary
broom sweeping Becausd’ ¢ the diffieuities encountered. ouring the

- rcof decontamination by fire-hosing of Buildings 504 and 507, the roofs

“of Builldings 5i4 and 518 in Sector II were Aot spread with fallout
8imulant. The one story-buiLding roofs, were decontaminated by sweeping.

. . The *and egrea in Bector II was clearea by use of the same i

- general techniques as those employed in Sector I, but with some varia-
tion in eguipment. Team B used the front loaaer, D-8 bualdozer, and
the 0C-9 roed grader. . Team-A used the pan loader, 99-H romd grader,
and thé D-7 oulldozer with sngle blade. Again, both teams used shovels
in areas that could not be reacheo with mechanizea eqpipment

3.3 V_est Neasaremenos.

B
Ry

Dué te.irregularities in surfece areus, the presence of surface

'cbé%acies; and the inaccessibility of certain areas, the scanning equip-~ .

ment used to measure radistion levels of the test tiots (Sec. II) eould
not be used during the loglstics exercise. Instead, activity levels on

- gurface areas were meashred with a Nuclear Chicago Model 2586 "Cutie.-

Pie" radiation detection meter and an Eberiine Moael E- EOOA raaiation
-survey- me«er mhe E-200A was used on. the roofs

Figure -1 in. Appendix F shows-at what poin 8 on the grouna
complex dose rates were measured .before snd after decontamination.
-These points, in beneral were loceted every. 25 feet in rows approxi-
mately 25 feet apart. Dose rates were algo measured on the reoofs and.
- ihelde the buildinsa, “the locations of. these measuretetite_are shown. - ...

“in Iigures b 2 through F-€.




(b) Motor Grader And Pan Loader Pulled Vlry MRS Tractor
FIGURE - 1ll- 2 DECONTAMINATION OF GROUND COMPLEX
. DURING LOGISTICS EXERCISE
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3.4 Results and Discussion.

The measurements taken én the ground complex, inside the
buildings and on the roofs, are tabulated in Appendix F. Figures 7
III-3 and III-4 show how esch team utilized its equipment and ‘manpower,
while table III-2 shows, in the next-to-the-last column, the average
‘gercent of activity removed from the ground complex and the roofs of
the one-story buildings. The average percentage of remaining radiation
leveis inside the. buildings are listed in table III-3. ’

In Sectiona 341 through 3 4 5, below, the performanee ‘of the
verious types of equipment and the onerational techniques developed
‘during the exercise dare noted.

3.4.1 Towed Scraper. (Pan Loader).

. Operstion of the pan loader with the rubber-tired MRS tractor
was’ marginel under the existing conditions. Poor truction 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 partislly cleared,
less difficulty was encountered, although operation still waB slow.

|

3 5,2 Mbtor Grader.

] The grader was quite successZul in cleaning the material from
arcund the foundation of the buildings. However, this machine is
bagically a withdirawing device and is nct suitable for moving large
quantlties cf meterial from one area to-another. Operation of the
grader with the pan ioader te pick up the windrow is slow, but effestive.

3 4.3 Front noader.

The D-U4 front louder was used to pilck up snow around obstacles
such a&a. porches, hydrants, and trees. The capacity of the scoop is so
limitea, however, that the quantity of material removed by this machine
during the test was relatively insignificant. :

3.k.4 Bulldozer.

The D-8 bulldozer was the most efficient machine uséd in the
Loglstic exercise. The technique developed to move the snow to the
dump . ares was to open one lane through the snow thet extended from the
resr of the test ares to the dump. Ail louds were then pushed down

.tkls 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 carried
‘by the pan-loeder. B8ince the D-8 did nol get stuck, the averige travel
time-was spproximately one-hal? that of the pen loader. The D-8 was
alsc able to clean out the ditch more effectively than the grader, and

he

et -




b1

13 . €61 . 6 00§ ! 0o€ ‘12 Xo7dio) PUnoy
€9 gt | % 08 009‘c | gooy --115 Tova] - € 8
6L - lzro 9 - 00€ oL S xo7dwo) PUMOID o8
08 ._ - 60°T q LS° | _ 009°€ o0y - 9TS FpTE v | H
w0 6T°T . : CTIT otz | oggoz 'X21dun) puno.r)
W no.q_. o | I T R A o 009°€ ., uoou.__ -,mom" Spraj € m
Ly . €0 ,Lni- T 08T 1 oogcge - x01dmop) PUROI) m
mw . mm._o, o | . 08 .oom.m | S Jood - 906 mnmm_, v
@ - | (mmw) | (29) |
paaomsy . . ¥ 0001 Jad . usm JO mvmnﬂﬁﬂwnonu.vn do.j\ . woTIvag i weay,
K9TATIOY SIMOR-UT Ioquny- | 03 smwMy _ :

VIO XTFIdAOD-(INNOYD ANV J00d 10 LUVWAOS

2-ITI J19Vd




_ NPC 16616 _ : [
EQUIPh;'lEN:r . , TIME OF DAY (1 FEB 62) " MAN-
0900 1ge - 11300 1500 1700- | HOURS
" -Team A _ -
FRONT LOADER 160 MIN | 4 2.
(D)
D-8 BULLDOZER 180 MIN |- 20
- MOTOR GRADER 3% MIN+—{ 0.6
HAND SHOVEL % MIN - 1.6
STRAIGHT BROOM |  |i=———=n] 50 MIN (¢ MEN) 3.3
_FIRE HOSE 60 MIN (4 MEN) - . a0
. Team B 7 “
FRONT LOADER 90 MIN b= _|.5"
(D4 i
D-8 BULLDOZER 60 MiN 1.0
' : 198 MIN_| '
TOWED SCRAPER &%%‘A'[‘, —t— nggfg* — 1.5
HAND SHOVEL © 150 MIN (7 M;N); : 7.5
" STRAIGHT BROOM |  [———H 57 MIN (4 MEN) Y
FIRE HOSE 172 MIN (4 MEN) 48

slcrbn |

-]

: FIGURI -3 - EQUIPMENT AND MANPOWII! UTII.IZATION:




= NPC 16,617

. TIME OF DAY |2

FEB 42)

o : : _MAN:
- EQUIPMENT - — .
QUIPME 0800 0500 1000 100 1200 1300 1400 | HOURS
~ Team A
FRONT LOADER (D-4) 84 MIN e 14
D-8 BULLDOZER 120-MIN }— - 20
D-7 BULLDOZER - BMN——— BAD | 0.9
'TOR GRADER 240 MIN - NOT | ¢ . NOT - .
Mq ‘OR GRA (TOTAL‘\, - J JEJE [, - - LI;JE } 4.0
L \ NOT :
TOWED SCRAPER e | BROKEN + N e 29
ROTARY BROOM 12 MINfet - 0.2
- SWEEPER -
STRAIGHT BROOM - 1 67 MIN (4 MEN) 38
HAND SHOVEL 50 MIN o
Toam B ) : " o
| FRONT LOADER (D-4) 216 MIN — Y
D-8 BULLDOZER - 180 MIN o 3.0,
: \ sTuek
270 MIN ) STUCK _ 3
MOTOR GRADER (TOTAL| ; ﬁDI#:H, = 45
STRAIGHT. BROOM - 80 MIN 4 MEN] 53
HAND SHOVEL = | 300 MIN (6 MEN) 300

SECTOR NI

. FIGURE IIi'- 4 - EQUIPMENT AND MANPOWIR UTILIZATION:




TABLE ITI-3

. EFFECT OF DECONTAMINATION ON

~RADIATION INTENSTTY LEVELS INSIDE BUILDINGS

516

517

51'4*«- T

51‘ g

Upper
o
ower

'Upp6r
Lower

A[Upper

Lover

Upper
Lower

Building Number

Average Percentage of Remaining
Radiation Intensity¥

After Roof

After Roof & Ground
. Decontamination | Decontamination.

Floor 108 _ 69
Floor - 13 . 63
" 34
103~ 40

Fioor " e S s

Floor. 96 R 40
Floor - - 23
- ) 21

! - ' 20
Floor -~ - 19
‘Floor - 18

¥ The percentages in the table are average values of a’l readings B

_ taken inside.the buildings (Appenqix F)

e Roof was not contaminated.

V.

— g

v ——




Cwas considerably’faéter thaun the D-U front loader. The speed of the -
D-8 1s refiected in the cleanup times required for each urea.

"3.4.5 Fire Hode. . _ 7 ) :

The roofs of Buildings 504 and 507 in Sector I iced over during
the hosing operation, 8o that the decontamination data could not be-
_obtained for three days. - After correcting for decay, the residusl
activity still on the roofs wus not significantly lower than the initial
spread activiiy, and in some places it was higher. In mddition, the low -
level of radioact;vity after three days made it necessatry to take
readings with the Eberline 'E-2C0A meter, which froze several times
during data~texing and required severa. thawings. It"is-suspected that

& slow instrument drift may have occurred during this time period to’
’ ccntricuue to the uncertainty cf” these data.

3.§~ . Summarx.

. Evaluaticn of the effectiveness of the various decontamination
metheds applied in-the Loglstic Fxercise is very complex because of sthe
zany varisoles invclved. This test wus essentially a one-decontaminat 1on
cperation utilizing several combinations of techniques and machinery.
Specific evaluaticn of zach method and tOOL 48 applied to a given aurface

environment WiE not feasibie exbept in a few instances. . '

. In;ormation gained from the decontawination cf Sector I indicated
'_+hat both crews could work more effectively with a D-7 or D-8 bulldozer
and a grader. However, because of bdreakdowns and time required to truns-
sort the D-7 from the equipment pool, this ccmbination of equipment was
in operation only partv-of the time for both teams. Enough experience
© was gained, however, tc demonstrate that this combination was the mosi
efficient of those tested for ‘reroving the materisl from land areas. It
is felt that tre payloeder, whicth was not avai_ab¢e for this test, wou;d
aig80 be -;-eutive *n this type work.

- For aeuontaminating bare roofs ut temperauures below 34 F, the
suraight push broom is reccmmended cver the fire hose. Although sweeping.
requires more time than hosing, the percentage -of redicactivity remcved
is greater and zhe hazard presented by an iley roof is avoided. In either
cese, the radlstion intensity inside the building will tend tc increase
from.concentration ¢f fallout on ground immeaiately adjacent to building
wells, This is removed by subsequent ground aecontamination.,

There are severairitems cf interest that can be surmised from
the ceomplex datu results. Probably the major cbeervation is that to
effectively decontaminate large snow-covered sreus,.a team congisting
cf a dozer and & grader is requirea -In Bector I, Team A had a D=8
“dozer which moved lurge amounts ol sncw from the srea, but produced a
low dGecontaminaticn effectiveness. Team B had a - motor grader which was -
seriocusly hendicarped oy the large bulk of sncw. The result was oniy




50% decontamination for the sector. In Sector II, where both teams
uged 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 observation 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 lO% increased
effectiveness in decontamination.

An estimate.of expected dose for an cperetion 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 time:just before decontamina-
. tion ccmmenced, and the man hours of exposure, the total dose for the
two teams was.estimated at 2500 mr, or an-average of 1Ci4 mr per msn.
According to the film badge results, the tota' average dose was 56 mr -
 pér man. Therefore, the combined effects Of egquipment shielding and

reduction of dose rate due to decontamination resulted in each man.
_recelving cnly 54% of the expected dose. Since this percentage would
.be considerably reduced by the eliminatlon-of the hand shoveling, it
should be safe to conclude that for an operation of this type,. the dose
to each men would be less than half the dpen field dose during ‘the same
auration of time. .For example, if the 3 -gcre complex was at an H+¢
. intensity level of 2000 r/hr, it couid have been decontaminated by

a 24-man team after a two-weex walting period with an .average dose to
ach man of about & r.

ke




IV, FALLOUT MTGRATION TESTS.

The. vertical and horizontal migration of fallout deposited on

- ‘snow and ice could influence greatly the procedures required to effec-
‘tively decontaminate an ares. To obtain experimental data on the verti-
cal and horizontal migration phenomens, & series of tests was conducted
"in vhich the migration of & non-radiocactive tracer was measured under a
variety of meteorologicel and- ground-cover cond;tions.

Tk - Simulation of Fallout.

.To simuwlate fallout, a fluorescent called Liquifluor was sprayed
oh native Camp McCoy sand that hed been sleved to a particle size
from 150 to 3CC microns. This mixture, like the radicactive simulent
used in the decontamination tests, wes prepared in the U. 8. Army Nuclear
Defensé Labcratory Facility (see Appendix a).

One thousand rounds of the sieved sand was loaded. into the con-
crete mixer (see figure A-1) and-sprayed with one liter of Liguifluor
concentrate. To facilitate the mixing process, the fluorescent was

) -ailuted 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: -

b2 Preparation of Test Flots.

: The snow used for the migration tests was located in an open
‘P1eld approximately 4CC feet long by 300 feet wide bordered by small
trees. The ice for the tests was located in the bed of a large, open
ara*nage ditch that was exnosed to the weather. "

The test picts on the. snow were approximately 4 by 2C feet and
were in a north-south direction, an eest west direction, and a northeast-
scuthwest direction (sée figure IV-la). By this means, the prevailing
winds were likely to be in a direction nearly perpendicular to the .
.ong side of one of the plots. This method insured that the horizontal .
migretion of the simulant off the oppesite long side of the plét would
be mere evenly distriobuted. Thus, contamination measurements made
downwind frem the piot would be more nearly equael end their: average
more rerresentative of the migraticn process. As it happened, the
prevailing wind was northwesteriy, so-the NE-SW plot was utilized for
the horizontal migration studies. -

The_sand used in these teets was left outdoors for approxi-
-mately 3 _hours prior tc sp*eaaing so that it could come to- temperature
equilibrium, A Beutt fertlillizer spreader, Model 35-8, was used to
syread the sand on both the ice and snow. Although the spreader hed
been adjusted to.a snreeding rate of 50 gm/fta, the neture of the

b7




(b) Taking Snow. Sample With
Metol Box

{¢) Taking tce Sample With Corer -

FIGURE IV.1 - MIGRATION TESTS
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surface being spread and the peculierities of the spreader were such
that & verfectly uniform dispersal could not be accomplished. To -
find the sveragé 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-1l :

N TABLE IV-1
DISTRIBUTION OF SAND ON MIGRATION TEST PLOIS

. - Amount of Sand (gm/ft?)
Sample - - g ¥
- ‘ On Snow L On Ice = . :
Plot 1 | Plot 2 [Plot 3 [‘Plot 4 | Plot i | Plot' 2 |-~

1. g3 | ek | W8T | 762 | 3716 | 6.3

2| sy f o583 snk | 3810 ‘489 | 36.8

b3 | 62.3 | 41.7 | 68.7 | 46.3 | 90.6 | 0.1
. | s i : : .

G 38.2 | k1.6 | 1.2 | 581 56.6 48.9
Avéragé | 503 2.3 60.0 | 54.7 58.5 | 53.0

; fAverage.% 54,3 . _ “VAverage = 55.8

I 'Eguipment

A rectangular meta; box with the fron: and one end open was
used to cotein the snow samzples for analysis (see figure IV-ib). The -
box meagured 6 x 6 x 12 in“hes (ID) end had grooves for she&ves praced
on s-inﬂh ﬂenters i

The apparstus for coring icefconéisted of a l-lS/iS-inch ID
pipe with a sawtcoth edge on one end (see figure IV-lc).

The fluorometer utilizea in these tests was designed and built )

at -Genersl Dynemics/Fort Worth. This instrument, containing General

' Electric 6WBLB lemps as an ultraviolet source and an RCA 5819 photctube

with apprcpriute ‘i¢ue1=, was powered by a Fiuke high pover suprly,
_ Medel 40CE, set at 740 v-de. It was connected to & Beckman Model V
micromicrcummeter for readout. : ) T T
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.k Sampling and Testing Procedure.

The horizontal migration of the simuldnt on snow was tested
by taking samples-at distances of zero, one, two, and-three feet from
the test plots after time lapses of 24, 48, and, when possible, T2
hours. Migrations beyond three feet were below the sensitivity of

'the fluoromster.

The samples of snow were co;lectea by inserting the empty
coring box into the sncw as demonstrated in Figure IV-1b. . Excess snow
was then removed frdm the front of the box, and the metal shelves were
insertesd, starting at the bottom and progressing upward. -Sampling from.
lcv. concentrations tc high oon"entrations reduced the error of cross
contaminetilon.

The semples of- ice were collectea by boring four inches into .
the ice, removing this core, and cutting it into u-inch increments with
‘a small coping sew. :

T

After the snow end ice semples were colleeted they were put
in 600 m¢ beakers end placed in an oven-at 11C°C. After drying, they
were cooled to room temperature and i4 cc of toluene added to each
sample. The toluene was stirred with the sand for two minutes to ex=

_ tract the Liquifiuor. The solution we.s then flltered through & ~
Whatmen No. 4C filter paper directly into a 15-m¢ vial, which was
rlaced into the fluorometer for reading. (The method of converting
uparmeter readings to. uiquifluor concentration is described in

- Aprendix G.) All glussware was rinsed with toluene and washed with
Al conox between runs to prevent cross contamination. :

b5 Resuivs and Discussion.

Tabulation of the measurements recordea during the migration
tests are presented’ in Appendix G, Tebiee G-1 through G=6. - ’

“igures Iv-2 through IV-5 and V-6 through IV-7 show PLOUS of .
-the vertical and horizontel migrations, respectively, as & function
cf the yarious meteorclogicel and ground-cover conditions.

%.5.1 Vertical Migration Tests.

Undisturbed Snow Covered by Loose Snow. The vertlcal migration
through undisturbed snow covered by loose snow on a partly cloudy day -
is shown in Figure.IV-2, The data are an averege of two samples for
each test conducted. Temperatures renged from -6°F to +25°F.and, wind
velocities from 5 to 18 mph. BSamples were taken vertically every % % inch-
until no simulént could be detected, The snow averagesd L. B,inohes decs
-with a density of 0.363 gm/cc and consisted of % to £ inch of loose new
6now over & hard crusty surface. Tests were terminated after 48 hours
due to the onset of a heavy thaw. -
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. Undisturbed Snow. The verticsl 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-.f

eratures ranged from -~2°F to +38°F and wind- velocities from 5 to 13 mph.

Sampies wére teken vertically every % inch until no simulant could be -
. detected. The snow averaged 5.5 inches deep with & density of 0.301

gm/cc und was of a Borevhat-loosely packed nature. Thawing-occurred

-during uhe ~ast -24% hours of this test.

Crusted, Undisturbed Snow. The vertical migration vhrough

crusted, undisturbed snow on clear days is shown in Figure. IV<h. The
dats are an average. cf two samples for each test conducted. Tempera-

tures ranged frem -8F to +17°F and wind veloecities f¥om 7 to 26 mph.
Sampies were taken vertically every ¥ ifich until no simulant could be

detected. The snow. averaged #.0 inches deep with & density of

0. 361, gr/ce and had a hard crystalline structure. This test was con-

“ducted ‘after-five days of _thawing conaitions.

Ice. The vertical migration through ice on two clear and one
part_y cloudy day ies shown in Figure IV-5. The -Gata are an average of
two semples for each test conducted.” Temperatures ranged from -2°F to-
+38°F and wind velocities frem 5 to.l3 mph. Samples were taken verti-
cally every i inch until no simulant could be detected. The ice depth
averaged & ic 8§ inches, with a slightly roughened surface, The T72<hour
sample was taken Curing a sligh* thew. which did not seen to affect the
resuits.’ S '

_4.5.2 Horizental Mig;atioﬁ Teetsh

. Crusted, Undisturbed Snow. The horizontal migration through
crusted, undisturbed snow on three clear days i1s shown in Figure IV-6:

- (2 pages). The date &re an average of twoc samples for each test con-

ducted. Temperatures ranged from -&F to +L7°F and wind velocities
from 7 to 26 mph. BEach.sampie was taken horizontally et 1l-foot inore-

.ments off the origine. plct end at —-inch increments in the vertical

direcvion. Samples were taken both horizontally and vertically until
no simulant could be detected.. The snow averaged 4.0 inches deep with
a.density of 0.36L gm/cc and had & hard crysteiline structure. These.
series of tests were conducted after five days of uhawing conditions.

' Shown 1s the fraction of total e tmulant deposited at each Level-
and distance fréom original plot for four different times after deposition.

Undisturbed Snow. The horizontal migration through undisturbed

.8now cn-two cleer days is shcwn In Flgure IV-7. The data are an aver-

age of three samples for each test conducted. Tempersatures ranged from -

. =2°F to +38F and wind velocities from 5 to 13 mph. Samples were tLuken

both horizontally ard vertically until no simulant could be detected. .’
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The snow averaged 5 5 inches in depth with a density of Q. 301 gm/cc and
was of a somewhat loosaly packed nature. The test was terminated after
k8 hours at the onset of & heavy thaw.. ° : '

4.5.3 -Teet Results.

A study of nigration measurements (see Appendix G) indicates
that most of the migration of fallout simulant takes place within
24k hours after original disposition. .In all but one of the tests there
was no significant change in the simulant distribution after the first
time lepse. The exception was the verticsl migration of simulant on

- undisturbed snow between 48 and -72 hours following & thawing period.

The tests also showed that erusted snow had a higher .retention
of simulant (about 95%) than loocse snow, which indicates less horizontal
migration. The majority of the simildant 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 simulent than crusted

_'snow, but vertlcal penetration was greater. In no instance was hori-

zontal migration greater than. 3 feet; but no high winds or heavy

drifting was experienced during the test period.’

The migration test on iee showed approximate y only hog reten-

'tion of simulant, which indicated greater horizontal migration than
"that on snow. Aga*n, there was .no significant change in the vertical

migration'profile after Zh hours, although there were intermittent
thawing pericds. There wep & slight decrease in the surface concén-
tration over the span of the test, which indicated pcssible cont-naation

of 'k horizontal m;gra‘t;.cn.
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V. SHIELDING TESTS

Knowledge of the -effeativeness of snow and ice in attenusting
- gemma rays emitted by fallout would be useful in predicting the dose
..rate to personnel engaged in- cold-westher decontamination operations.
Such information would also be useful in calculating the protection-
that would be effected by a enowfell eubeeqpent to a contaminating
event.

As pért of the overall field program in eeld-weather,decon-
taminatlon operations, two tests.were conducted to measure the shielding
effecte of snow and ice. More tests were planned but had to be can-.
celled because of damege to cesium-l37 sources during ehipment to the:
test site.

5.1 Exgerimental Procedure and Eguiggent.u _
For'the snov studies, two cylindrical-o.5-cufie,cesium—i37;

‘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 & density of 0.310 gm/cc and 0.5 to 0.75 inch of loose’ snow

having a density of O. l90vgm/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. Horlzontal measurements were taken at l -ft intervals out to 4 ft
and at 2-ft 1ntervela from & to 32 ft.

For the dce studiee, the same two sources were utilized. The
sources were inserted into an ll-inch-deep hole bored into the ice, and
the hole was then fllled with ice chips and packed down to simulate =
solid ice. On top of the ice was a-2-inch layer of loose snow (dend
sity = C.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 l-ft- intervals '

out to & ft and at 2-t intervals from k to 22 ft.

In order to determine the effectivenese of the 8now-and ice
shielding, horizontal measurements were taken out to 30 ft with the
sources unshieldea < placed on top of -the 1ce. '

The dose-rate meaeurements for ‘both the snow and the ice studies

- are listed in Tuble V- l.

~

5.2 ° Celculetional Methode.

For the preceding geometries, 1t may be aseumed that the source
was neing moved rother thau Lhe detector. Integration may then be per-
formed over the surface area and the resultant dose rate from & plane
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isotropic source ‘d‘etennined by the following equ.a.tioh: '

T
N1 )

' Dose Rate = 2x J D(r) r dr, '
. , .
where D(r) is the measured dose rate st 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. ‘Ihey are .shown in Table V-2 along with the
equiva.J_ent water thicknesses.

- TABLE V-2

DOSE RATES CALCULATED FROM MEASURED VALUES

_ - Dose Ba;.te's : Equivalent:
Geomei_t?y : . _ (m iy w . 2?1;1;.2::‘5
“ hr enf {in.

No covering - - ' 5.0 x 107 .

6" Snow o 28x10 1.79 7:

9" Ice 2" Snow . 6.h x 1P 8.9

'Ihe dose rates can be calculated numerina.;ly for various thick~
nesses of water by use of the following equation. ’
: BX rpax.

Dose Rate =I I _ ui; B. (pt/sin B)e” (wt/sin B) ' dr de,

where
'S 18 the sou.{rcé strength.

_ o disinteg;ations 1 _rhoton .
(3.7 x 1 ~sec * disintegr uicn)’

F 18 the flux-to-aose conversion -

" rem/hr )
(1.335 "'lc_) photon secg‘
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r is the horizcntal distance of the detector from a vertical
line through the source,

R is the line-of sight dietance from the source to the
detector;-

8 is the angle measured by the interseéction of r end R;
B(ut/sin ) ere the infinite medis buildup fa.ctors, L
t ia the thickness of water, and.

0 is the angle measured about a vertical line through the _
" “dource. .

Figure V-2 compares the celculated-and measured dose retes for

water thicknesses equivalent to no shlelding, 6 inches of snow, and
9 inches of ice plus 2 inches of snow. The discrepancy between meas-

‘ured and predicted dose rates 1s attributed to three main causes:

(1) use of infinite-medis buildup factors in & finite medium (no other
factors exist for use in this type of case); (2) neglect of alr

‘attenustion; and (3) accuracy of the detectior instruments in meae-
uring. Low-gamma-energy radlation.
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APPENDIX A
PRonucno'_N OF RADIOACT.IVE FALLOUT SIMULANT

The fallcut sirulant used in this series of tests was. pro-
duced in the U. S. Army Nuclear Defense Laooratory Facility at Camp
MeCoy. Redioactive tracer materials are manufactured st this plant
by eonbinirg a radicactive Isotcpe with s suitable carrier (sand)
adding & binder or sealer (sodium silicate), and then baking or firing
the material to Zorm the end product. This procedure 1ls demonstrated

in the sequence of photograpks inm Figure A-1 and in the flow diagram

of Figure A-2. The steps involved ir the simulant producticn are as
Tollows: ’ - Co ’ . -

1.. The mixer is preheated and the carrier loaded and hested.
2. The isctope and binder are added tc the carrier vie lances. -
‘3. The wet simulant is dried in the mixer.
4. The dried similant is_dumﬁed from the mixer to the belt
-ecnveyer, which carries it to the bucket elevator and
on into the metering hopper.

'5. Ihe,dried simulant 1s loadeduinto.pansQ

6. " The pars are puaned into the furnace whe“e tne dried
simulent is daked.

) 7. The pans are—remcved frem the furnace and left cn the
ER skid rails to cocl.

8. Tne simulant is damped into the roll-grinder teceiving
E bin.
9. The simlant ie fed_through the roll grinder to the
firal hopper. i

S A-l. . Simﬁlah‘ Prcduction Equi;re’n+

The varicus pieces of equipment and thelr operation are des-

eribed in scme detail below.

A-l.l Simulant Mixer.

The simulart materials are initially combined in a heavy-duty
eencreve mixer of the type usually mounted on trucks. The mixer is
fitted with internal resistance heaters.and a port in the butt piste
for edmisgéion of elther the lances cr a fo rced-draft heater. A loading
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" port is provided on the periphery. of the plate through which the
carrier materlal is edmitted. A filtered exhaust fan and cleasnout trep
are attached to the 1oading end of the mixer. The sand is emptied from
the mixer by means of a modified chute-type unloader .

: The mixer loeder consists of a belt. conveyor, collecting bin,

. apd dump pipe. The dump pipe is imserted into the mixer through the

loading port and the carrier material, which is carried by the belt:
conveyor to thé collecting bin, is gravity fed tnrough the dump pipe

" into the mixer

o The lances provided for the applications of . the isctope and
the silicate binder are qulte similar, conalstlng of two pipes sealed
“through a metel disc which.can be fitted over the port provided in the

butt plate. The outer ends of the pipes are fitted with hose connectlons, -

the inner ends with an atomizing nozzle. Sclutions pumped into the

lances thrcough a feed line are atomized and aepositea on the carrier
- rmaterlsl irn- the mixer oy the action of carrier gss released through

the nczzle. .

- A=)l.2 Metering'Hopper and-loadiqs éystem:'

A belt conveyor and bahket elevator carry the simulant fromw
the mixer to the metering horper. The simulant is poured directly from
the mixer unloading chute onto & belt conveyor ard ‘dumped into a Jbucket
elevator which loads a metering-hopper storage bin.

The metering hopper is & known-volume bin fitted with sliding
" closures at the top and bottom and operated by & pneumatic ram. It is
gravity fed through sn orifice from the storage bin. Once-full,- the
upper slide is closed and the lower slide opened, releasing the metered
sand into 2k x 18 x 2-inch stainless-gteel pans. The pans loaded with
simulant are pushed glong the two skid raile by.a hydraulic rem to the
furnece. = A roiler conveyor is mounted at right angles to the furnace
feed line for the admission of additional pans-tc the lire.

CA-1.3 Furnace. S ‘P

. The furrace oonsiets o a flrebox of fire brick having six

burners - tiree to a side - mounted epproximately 2% feet from the

floor of the tex. Diesel oil or similar fuel can be used in-the burners;
Number 2 diesel oll was used during the current geries. Atomizer air
“1s suppiled by .a two-stage ccmpressor set to maintain e tank pressure

of from 90 to 120 pounds. A radial fan mounted on the, firebox supplies
~ combustion air. Fuel is pumped from a tanker truck by a positlve dis-
placement pump with a bypass sei .for'a fuel pressure of LO pounds. Both
fuel and atomizer air are manifolded to the six burners and controlled
- by indlvidual needle valves at each burner.
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Appendix A

Metering Hopper '

FIGURE A-) FALLOUI-SIMULANT
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A Wheelco controller, in conjunction with a shielded thermo-
ccuple set.-high on the firebox side wall, controls temperature by :
operating 8 solenoid valve in the fuel-line. Firebox wall temperatures -
above 1500 F will reignite llrners, below 1500 F the burners must be
relignited manually.

 The firebox is'equippéd with raila,that mate to the two skid

rails at each end along which the loaded pans ride. It will accommodate
a maximum of Beven pans at -one time. The entire firebox 1s covered by

C : & hood which 1s connected %o & blower housed immediately under the roof

of the building end verted through the roofi

A-1.4 Roll Grinder and Final Storage Hopper.

After the pans are removed from the. furnace, they are cooled
“on the two skid ralls and then durped into & hopper by tipping the pans.
v The hopper i1s fitted with a gear motcr- driven rcll grinder which pul-
verizes the simulant and deposits it into a ‘1na¢ suorage hopper.

'A-g, © Tracer Processiqg

" The . lead cask contalning the lanthemum was unloaded from the
trangport truck with a forkilft gnd pleced under an cverhead crane that
operates on a track leading directly into the hot cell (see Ffigure A-3).
‘The. lead. cask was attached to the holst and transported into the hot
cell where it was placed on a-stack of concrete blocks to enavle the -
manipulators to gain-access to its interior.' With Red Wing Model 8
rmanipulaters, the 1id-was unbolted and removed from the cask and the
nct cell was then closed and.all interlock switches energlzed to pre- .
vent enyone from accidentaliy gaining asccess.

With the manipulators, a special tool was inserted intc the
cask to pick up the sluminum container ard place 1t on a stainless-
steel ltable. Once on the table, the aluminum-wire seal was broker.with
e knife, and the lanthanum capsule wrapped in aluminum foll was removed
from the centainer. The capsule was then unwrapped, placed ir a. cep-

ule crusher, and transferred to a 600-mf besker conteining 200 nd of
. . i 0.1 N HCl and a magnetic stirring rod. When the capsule was ‘broken, - the
. : lenthanum cxide.was dissolved in the acid. Tals solution and the pieces
. _o® quartz from the capsule were then poured into.a 300-mf graduste. A
. Smalil sample of from 0.1 to 0.5 cc 'was taken from the graduate and di-

: luted with water ixn the ratic 1:1000 for assay purposes. Wnhen the di-
lution for essay was completed, & fritted glass filter was lnserted into
the 300-mf graduate, and the lanthanum solution was filtered and trans-

- ferred to a 1000- mé graeduate by means of a Gast-Vacuum pump.
_ The 1000-mé graduate had been fitted with-a ground alass
Joint into which was fitted = male joint consisting of one long glass
tube and twc short tubes. The long tube extended to the bottom of the
“graduate; one cf the.short tubes served as the vacuum-pressure line
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NPC 15,676
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"and the other as an input tube for the lanthanum solution and the
distillea 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 well, and
then intc the sprey lance at -the mixer. The lanthanum solution was
'followed by two’ EOO-mz rinses of distilled water to flush the lines.

A-3. 7 Sodium Silinate Processi_g

: The binder used in the. production of the fallout simulsnt was -
soa¢um sllicate from the Fisher Scientific Company. The L0 degrees
Baumé sclution of sodium.silicate was mixed with equal part§ of water
~in a iarge glass Jar and then poured intc a section of pyrex pire
approximately & feet high and 6 inches in\diameter. Attached to each
end of vhis pipe wus & metal plate fitted with a z-inch gLobe valve.
After the solution hed been poured through the valve at the top (while
the valve at the bottom was closed), the bottom valve wes opened and
air préssure of 16 psig was applied at the top valve to force the
mixture out. the bottom, through the tygon. tubing, and intc.the-spray
_ lanze. The godium silicate solution wes applied to the sand in the
emount of 10 cc¢/lb of sund in the mixer. After appiication of the
sodium silicate, one liter of distilled water was run through the -

Iines to clean out the silicate and prevent -logg*ng of the spray nozzle. -

A<k ,ueaching Tests.

) . Sanu used for these tests was taken from the hopper containing
the radioactive simulent, and was graded so that only that passing
through e 3;0-nicron sieve and retained on a 297-micron sieve wus used.
The soil, which was native to Cemp MeCoy and the immediate area, was

graded and passed through a 4h-m*cron sieve.

Three samples were prepared for testing -~ one after 24 hours,
oné efter 48 hours, and one after 72 hours. . Each semple was prepared
by mixing one gram of sand and one gram of séil with a glass stirring
rod end then adding and mixing in 0.25 ce of distilled water. Each
sarpie was placed in a l5-ce vial, storpered, and left to stand. After
‘the required lapse of time, the sampie was pilaced under heat ramps to-
dry. It was then pleced in the Rotap and passed through an 88-micren
sieve to effectively separate the soil from the sand. The soili and the
sand were then placed 1In separste planchets and counted in an NMC Mcdel
PC-3A nroportional counter for 5 minutes each. The results are shown
in table A-l. ' .
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| TABLE A-1

_ RESULTS OF LEACHING TESTS

'Type-of Sample

Sample . % Leached
2hehr Native Soil (control) .

' Radioactive Sand (1 gm) 1,705,300 © {4 535
Leached Soil (1 gm) o l2,kou g
Background ) ) 318

" u48=hr Native Soil (control)- 5,595 :
Radiocactive Sand (1 gnm) 1,142,080 0.26
Leached Soil (X gm). - 18,649 UL
. Background 51C -~
72=hr Native Soil (béntrgl)..." 3,884
| Radioective Send (1 am) 762,030 0.263
| Leached Soil (1 am) - 5,950 '
- Background 345
A-5. Rotap Anslysis of Silice Sand.

ages cf four Rovap analyses of 1CO-gm samples.

- The silica sand (Weldron No. 5C3C) used in the test series
wag sieved on a Model 55-8 Novo sieving machine to obtain a particle
slze range of 150~3CC microns. The data shown in Tab;e A-z.are.aver~

Appendix A

TABLE A-Z
ROTAP ANALYSIS OF SIEVED SAND
Novo - ' Screen Size' | Amount Retained
Screen Number _(microna) (agm)

iz 350 12,03

48 297 3c.38
100 149 56.10
150 105 1.2l
170 - 88 €.10
325 Tl 0.18 -
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A-6. Tracer Loss in Simulant Processing.
Ldss 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.

TABIE A3 .

LOSS OF ACTIVITY DURING PROCESSING ’
' (Material Balance

Run |- Amount of Hot Cell - On-Liné. Losc-of Tracer
" No. Sand Totel Activity Sand Activity | .. Material
7 (1b) (curies) (ue/am) (%)
1 500 i ©50.7. 20.¢'
2 250 18 125 - ' 20.0
3 250 5.3 b7z 30.0
b 250 21,."7 | 192 23.0 .
| 5 250 14.6 o 13 " "0
6 500 - 49.6 202 9.2

3 - Water rinses were not used in Run No. 1; so that some activity
wis lelt in the lines. Run No: 6 utilized two rinses, which, with-
the 5C0 pounds of 'sand, reduced the activity sprayed onto the wa¢ls
of the nixer and" thus the amount of activity lost.
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| APPENDIX B.
HEALTH PHYSICS -PROGRA‘M

The function of the Health Phyeicists assigned to the testing
program was (1) to monitér all work involving radiocactive materials,

) tc provide personnel monitoring service as required; (3) to study
the levels of environmental radicactivity in and around the test eareas;
(4) tc maintain radiologicel surveillance over the grounds, buildings,
and equipment used in the program; and (5) to assist the operating

nersonnel in the safe- completicn of. the ‘required tests.

" Bal. - " Job. Vonitcring.

All detivities invo;ving the use. of raaioantive materia¢s were
3uontinuously nonitored by Health Fhysics personnel. These activities
inecluded the fcllowing' : : -

Il

Activitx - E ange cf Dose Rates

Unloading of_la??éshipmenés, 40 mr/hr to 2“0 r/hr
Hoﬁrcell oﬁerﬁtions kméximum -: o - 185 mr/hr
outside the cell face) : - )
Simulant plant orerations o 5 mr/hr o035 mr/hr .
 Test-pioct operations ;nd . lrmr/hr.to 2.5 r/hr

loglstics exercise - . . s

During the simuilant-plent operations, air was sampled contin-
ucusly both inside the building and at the exhaust stack. Airborne 3
radioactivity levels inside the bullding were generally less then 10%
cf the MPC for insoiuble lanthanum-l140 in air. At the exhaust stack,

a maximum.of 14% of the MPC (air) was produced over & pericd of 168 hours.:

Respirators were wern whenever the continuous air monitsr (CAM) reached
the alarm level -(~ 20,000 cpm), or when a rapidly rising concentration
was -ocserved. During a single simulant piant run, the dose to workers
was generaily in -the order of 100 mr, but on one occasion reached 215 mr.

Typical Health Physins doee-rate measurements taken diring the
_test-plot operations are shown in Teble B-l. During a full day of test-
piot operations, the dose accumulated by workers was, in general, less
then 100 mr. -Air samples taken downwind from the test plots during
‘several spreading and decontamination operations indicated no ai rborne
lanthanum-140 particles cr dust.r Even though no aip hezard was evident,
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respirators were used by workers and observers in the immediate area
of all-operationes that produced dust, "blown show, or vapcer., With but
"one exception,.these respirator filters did not become contaminated.

" In order to establish cértain arees as controlled-access
. radigrvion areas, rope fences, improvised sign posts, and- sawhorse-type
‘barricades were placed arcund the test arecas and on certdin access
roads to the test areas. These fences and barricades were posted with.
. CAUTION: RADIATION AREA signs bearing the radiation symbol. Informa- "
tion and instructions concerning these areas were publiahed in the - )

Camp MeCoy bulletin. - R S T

B-2. Personnel Monitoring.

. Owing to the nature of the work, radioactive contamination
of clothing, and in some cases men, was often encountered. While this
.contamination wes. sometimes as high as several millirem per howr on
‘boots and outer clothing, the physical form of the contaminent (large -
sand varticles) rendered it easily removable by brushing or weshing - oo :
with plain water. In only a few instances - when the contaminaticn ' ’
haé become embedded in grease cr oill on coats, covera¢ls, or gloves -
'was it necessary tc store the contaminated 1tems._

Raa- ion expcsures. and Dossibxe up ake of raaioactive
material by personnei were monitored thrcugh the use of fiim vadges, .
rocket dosimeters, and routine radicmetric urinsnelysis. Although
pocket dosimeters are not entirely reliable or rrecise, they can be
used a8 8 quick indicator of accumulated exposure so thet total doses
can be estimated and. controlled. The dosimeters used at Camp McCoy: .
consistently indicated a dose 20% lower than that calculateéd -from f£ilm-
badge.data, sc that reliable estimation and control of total doses was
possiblie. -Récords of accumu;atea exposures were based on- film-baqse
date alone.

. Perscnnel -exp osUres accumulatea by the tventy permanently
assigned pecple (GD/FW employees, NDL observers, etc.) ranged from _
C mr to ik51 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 permenently assigned personnel showed that allow=- )

. able exposures could have oeen as h‘gh as 3000 mr petr person rer .
caiendar - qparter. - - ——

Pre-operational urirde samples from the rermanently assigned
personnel ranged from C to 230 dieintegrations per minute peér liter
(8,7 activity), with an everage of 125 dpm/liter; rost=-operational -
urine samples ranged from C to L4C dpm/LLter, with a&n average of
166 dpm/iiter. .
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. . Personnel monitoring service for the Army &nd Navy personnel
involved in the decontamination of the loglstics complex consisted of
the use and analysis of GD/FW film badges and pocket dosimeters, U. S.
Army Signasl Corps film badges, and pre~ and post-operational urine
samples. The averdge 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 & procesaing error.. Pre-operational urine samples
ranged from O to 330 dpm/iiter, with an average of 148 .dpm/liter.
Post-operational urine samples ranged from O to 4CO dpm/iiter, with
an average of 108 apm/¢iter.

"B-3., - Environmental Monitoring.

Samples of soil, sub-soil, vegetation, water, ani 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-l and B-2, and were chosen with regard tc population density and
- prevailing winds. The Jate recorded from analysis of the samples col=-
~lected are present ed in figures B-3 and tabies B2 through B-6

) Envirenmental ‘air samples_were collectea‘once each month at
Tomeh, Kendall, Sparta, and Black River Falls, Wisconsin, by local
authorities furnished with Staplex Hi Vol Air Sempler having GD/FW
 Tx9-inch fiiter heads. Particulate matter was collected from 1000 to

COC cubic meters of alr per sample during & Zi-hour run at each station.

The maximum concentration detected was gbout 10712 Le/ec of unknown
emitters. This level is comparable to-leveis of airborne contamination
" in other paerts of the country ani is attributable to Russian'weapons.
test debris. Decay studies (see figure B-4) indicate half-.ives of
3apprcximately 60 deys. - None'cf the environmental samp¢es showed the
presence of anuhanum-lho :

B-it.- "Niscellaneoua-Activities.-f

Health Physics perscnnel acted as escorts for- transfer of
activated lanthanum from Argonne Naticnal Laboratory to Camp NcCoy on
three occasions. . K

Ten cesium-l37 sources of 500 mc each were checked when they
arrived at Camp MeCoy end found to be highly contaminated. A five-dsy
leak. test perfcrmed on them indicated that most of Tthe sources were
lesking. 'They were, therefore, repacked in their original shipping
conteiner end returned to the menufacturer. A letter reporting the
.condition of -the sources was sent to the appropriste offices of the .
USAEC pursuant to requirements of 10 CFR 20 (Code of Federal Regulationa)
and GD/FYW's lsctope license. Building arees, tools, and equipment used
in teating these gources were' surveyed. All contemination was removed
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" NPC 16,584

:
E —_ ~(21)TO TOMAH-
MAIN GATE - :
_ — ,
4/5 MILE
SPARTA
?
- ,  STATION SAMPLE TYPES
o I.C. SOIL, SUB:SOIL, WATER, VEGETATION
I.C SOIL, SUB-SOIL, VEGETATION -
.D WATER - '
] M-C  SOIL SUB.SOIL, WATER
f 1l1-D WATER, VEGETATION -
IV-C. “SOIL, SUB-SOIL, VEGETATION
VD - WATRR
: C O ME. - WATER, SOIL

" FIGURE B-1 ON-SITE ENVIRONMENTAL SAMPLING
. LOCATIONS - : :
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NPC 16,586 -

KENDALL

STATION  LOCATION ~ SAMPLE TYPES

I-A WYEVILLE = CREEK WATER, SOIL, SUB-SOIL, VEGETATION
. -I-B BLACK RIVER FALLS RIVER WATER, $OIL, SUB-SOIL, VEGETATION, AR
LA TOMAH LAKE ~  LAKE WATER, SOIL.'SUB-SOIL. VEGETATION
.8 WILTON , CREEK WATER, SOIL, SUB-SOIL, VEGETATION
I~ TOMAH- ' DRINKING WATER, AIR™
LA SPARTA LAKE LAKE WATER, SOIL, SUB-SOIL, VEGETATION
kB SPARTA : DRINKING WATER, AIR
IV.A  MELROSE RIVER WATER, SOIL SUB-SOIL, VEGETATION
V.8 = CATARACT CREEK WATER SOlL SUB-SOIL, VEGETATION

KENDALL AR

FIGUR! B-2 OFF-SITE INVIRONM!NTAI. SAMPLING
I.OCATIONS
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(a) SOIL SAMPLES

35
30
—E . -
%‘ 25 5
S £
E E
s
==
g g
o} 0
2 2
(-4 o
NOV DEC JAN FE8
MONTH
(b) SUB-SOIL §
35 ’ '
.30 ;
€ £
-2 25 g
i H
= 20 . ZIE
z - -
G s 5
S 5
(=]
g 2
5

N

" Appendix B

OV DEC JAN  FiB
" MONTH

NPC 16,589

35

30

~ -
o

g
o

[+ 4]

o

AMPLES -

QUADRANT

35

30

~
on

20

- QUADRANT

FIOURE B-3 RADIOACTIVITY OF EINVIRONMENTAL SAMPLES

82




: , : : - - NPC 16,5%
" o (c) VEGETATION SAMPLES (ASH) . :
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FIGURE B-3 (CONT'D)
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TABLE B-2

RADIOACTIVE CONTENT OF SOIL SAMPLES

(Wnc/gm)

" TABLE B-3
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TABLE B-ll

" RADIOACTIVE CO TENT OF V

o
N

'l‘A'I'ION SAMPLES

uuc/sm(ash) , _
Statiqn Novenzber December Janua'r_y - February -
I-A 062.6 t 55. 3513t 78 6&31 t 95 3&72 oy
I-B - 519.6 t 33-.3 | 7260 T 101 1754 t 56 2665 t 3y
- 1-C 2862.6 + 27.3 | 3683 t 72 2318 t 62 2232 t 32-
II-A 5057, g + 34.2.] Lego t 105 | : '
1I-B 32 t 37.6 3860 ¥ 7g 2734 t 66 1219 t 19_ \
II-C ‘L[é66.6 + 34,8 | 3010 t 6 2288 t 61 1079 ¥ 35 .| .
III-A 2115.3 + 33.6 | 4460 t 119 1311 * 50 66095'1'1256*
III-B . 2898.2 + 39-“ b - )
ITI-C _5 59.0 ¥ 38,3 - 2 | z8u2t 67 1089 * 14
III-D 13 0%80.7 | 9310 t 120- 4398 t 80 265 t 22
IV-4 E, 3 +29.9° | 1b10 t 162 1670 t 54 4405 t 57
IV-B * 26.2 8100 t 58- 17223*1 5 540 £
IV-C 028 6 i =8, 2770 70 | 1L4F t 52 643 t 12
Aversge | 4623.8 ¥39.2 | 4733 %99 4108 * 78 1861 * 31
TABLE B-5 ;
RADIOACTIVE CONTENT OF WATER SAMPLES :
(uwe/liter)
Statidh . November - December January - February-
1A |11.26 % 17.44 | o % 40,08 - e .
I-B 51.53 T 17.58 | 13.85% 41,56 6.94 .t 41,7 26.62 t 18,06
I-C . 37.77 '3 17.97 0 +41,50 |28,15 41,56 |~ © *17.15
II-A 26,53 ¥ 17.29 A - -
II-B 4,14 * 18,08 |112.7 ¥ 39.1 - - | - -
11-C 0 T 17.12 0 +36.24 - - 16,53 + 18,22
‘II-D 0 T 17.15] 18,0 T i2,0 0 % 40,70 |.3.36 % 16, 97
III-A o t 16,73 21.78% 41,45 | - - el T
III-B 3.58 ¥ 16,61 0 42,5 o % 38.65 .27 *17. 75
I1I-C . 7.26 T 17.557| 42,7 +40,5 133,78 ¥ lo,90 | 3.60 * 19,60
III-D 20,92 ¥ 15.1 20.3 *39.0 3.44 % 41,13. | 39,32 % 17,20
IV-A 57.77 ¥ 17.9 - - | -+ . .
IV-B 342 F 16,38 - S * - B
IV-D 6.82 t 16,34 107"66*38'27 | 46, 24 P 42,22 o t17.52
Iv-E | 10.25 ¥ 15,30 |- 63.1 t 48,4 |10.47 ¥ 41,74 | 0 ¥ 20.17
Average | 16,08 t 16,97 | 33.34%41,07 |[16.13 £41,1 10,86 * 18,11
 #See Table B-6
. - 121
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~ TABLE B-6
) RADIOA"TTVE CONTENT OF SNOW AND TCE SAMPLES

Appendix B

(u,u.c/liter) ;
Station November_'> " December ~January - Februar'y
I - - ot |1esvestsne . 152.96*159.69.'
1 _1I-B - - “101 3584, 65 5083 13;*75
| III-A - - 2387.39t 70, 37 + 231,
IV-A. - - 1087 lt l& 5 1273.38+58,40 | - 2095, 149-1- 283 1
Iv-B - - 207.2. %t 14 2. -3207.20% 94 .00 60.95+ 89.83.
- 122




NPC 16,891

 ACTIVITY (cpm] _
e
-

T 1/2 =~ 0 DAYS

~ 1630 m? OF AR SAMPLED AT TOMAH, -
WISCONSIN, ON 2.3 JAN 62, ALL OTHER AlR
SAMPLES HAD IDENTICAL OR LONGER "
HALF-LIVES «

O N W VO -
' -

I

‘ CONCENTRAHON (rec fliter)
T

T 1/2 = ~ 80 DAYS

200 ml OF MELTED SNOW COLLECTED NEAR
* WILLTON, WISCONSIN, ON 22 JAN &2

Appendix B

10 20 30 T 40
 TIME AFTER SAMPLING (DAYS)

FIGUR! B-4 DECAY OF RADIOACTIVITY IN lNVlRONMINTAL -

SAMPLES _
87
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“rom the buillding areas (floors, ete. ) and tools and waste were either
deconteminated or stored for future dispcsal

B-5.  Release of Areas and Equipment.

At varlous intervals after the coneclusion of the test pro-
grem, samples were teken from the piles of debris accumulated during
the decontamination of test plots and ecomplexes. Radiation surveys
were made and smear samples were taken on all contaminated or suspect
machinery, equinment, and buildings.

NhiLG aecontamination debris analyzed early in February cén=
.,ainea thousands of aisintegrations per minute per gram, by the end of

‘reorua“y simllar sampies containea on the order of one disintegration
rer minute ver gram. .

‘The nontamination ef heavy equipment (trutks, graders, tractors,

‘e%c. ), which read as high as & mr/hr follewing an unsuccessful decon-
temination attempt early in February, was reduded to undetectable dose

rates by February 22nd. All heavy equipment was returned uncontaminated
o the equicmen* p~0¢s &t Camp, McCoy.

“Appendix B. ’.7— .. 88
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APPENDIX C

" RADIATION DETECTION EQUIFMENT -

Three instruments were used to measure the radiosctive

simulant: the Automatic Detection System, designed end bullt at .
. GD/FW; & Model 2586 Cutie Pie; manufactured by NuclearwChicago .

- Corporation; and & Model E-ZOOA Gelger-Mueller tube, manufactured
by the Eberline Instrument Company. The Automatic Detection System
was uged to make continuous scans at 10-ft intervals across the test
~ .plots. The other two instruments are hanu-portsble and were used in
all other tests. . . :

c-1 ’ ' Automatic Detection System.

The. Automatic Detection System, shown in figure II- 5, con- .

" sisted of an anthracene scintiilation detector (ASD) and & traversing

mechanism that enabled the detector to make & continuous scan while
-moving across the test plot at a given 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.
gcanner, is shown schematicaelly in figure C~2. A heated traller was-
provided to protect the high-voliage power supply, micromicroatmeter,
and X-Y recorder from the cold weather and to facilitate transporta-
tion of these omnonents from one test plot to esnother.

':.C-l.l Anthrécene Scintillation Detector.

Vv

- The ASD was designed -and built at GD/FW. It 1s made up of
an anthracene crystal 2:iaches in diameter by 2 inches thick, a
Jeneral Zlectric 5819 rhotomuitiplier tube, and. the necessary compo-
- nents tc- produce a current. -A lead collimator, also mede et GD/FW,
was placed over the crystal on the ASD g¢-that with the detector at
a height of 12 inches 1t would be sensitive to an area on the ground
‘12 inches in diameter. ' ' S

"
i

"The energy response of enthracene to gemms rays with energies
. greater than 0.2 Mev epproximates that of tissue. The rhotong produced
" .in the crystel are transforméd into electrical pulses by the photo-
multiplier tube. These pulses ere then integrated by an RC circuit and
the resulting current measured. by & micromicroammeter.

o-1.2 Microhicroammeter. B
The- oversll range of the miﬂromicroammeter (Convaeir Model

MMA-1) is 10 x 10 to 10 x 10°*! amperes.. In the range of from
] through 3 x 107, the sccuracy is 2%; in the range of from

89
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FIGURE C-1 RECORDING SHOWING REPRODUCIBILITY
© OF THE SCANNIR o :
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10 x 10 through 10 x 10'11 the accuracy 18 h% ‘The input impedence
i1s controlled 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 iess than 2% of full scalein an 8-hdur
period when little or no wermeup time 1s allowed. .After a 2=hour
;warm-un, the drift is one-half to one-fourth of this smount .

C-1.3 - XY Recorder,

) The output-of the micromicroammeter 1s fed to the x-axis of

" a Sylvania X-Y Recorder, type B-28l, which is-& flat-bed model de-
signed for high-speed analog recording and plotting on graph raper.
The.sensitivity ranges from C.1 to 10 volts/inch, with a statie accuracy
e? v.lj% full scale and a dynamic accurecy of -C. 2% at 6 inches/second.

- The 'pen speed (y-axis) of the reocorder is 20 inches/secona and the
carriage speed (x-axis) is 25 inches/secona. The recording area is
-0 by 15 1n"hes o : N

a1k Pouentiometer and Power Pacx.'

A LO- turn, 2000-chm 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
..proporuional te the distance traversed.

C=l.5 ‘Traversing;Mechanism1.

. A traversing mechanism Lor holding the anthracene scintilla-
tion detector (A8D), collimator, and potentiometer was designed and
buiit at. GD/rw. This apparatus, consisting of a triangular truss sup-

.perted by an A frame cn either end, is approximately 21 feet in length
end € feet in height. A carrier, which holds the ASD, collimator;'and”
detector cables, iravels the 20 feet on the underslde of the truss and
is orerated by an enaless cable on & drum from one end of the frame.

A scurce made of two Co®P foils was used to standdrdize the ASD.

‘The detector high-voliege (RG-59 cosxial) and signal-current
(¥icrodo: low-ncise coaxial) cables were restricted tc a length of
under 2CC feet tecause of the micromicrosmmeter. v

C=2 Cuuie Pie.

A hu"lear -Chicago Model 2586 Cutie Fie survey meter designed-
for measurement of beta and gamma rediation was used in the logistics :
exercice. This portable, battery-powered instrument is entirely self-
contained.. Its plug-in ionizatlon chember has a sealed section that
containg the sensitive electrometer circuit. The cylindrical ionization
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chamber has a volume of 500. o’ and is equipped with an end-window )
having & density of less: than 1 mg/crf. -This window allows entrance

of beta particles. A slip-on plaetic window shield is supplied with .

- the’ instrument and is used when measuring. gamma radiation.

The meter has three linear full-scale reanges = 25, 250, and.

2500 mr/hr - end-& calibration accuracy of +10% of full scale on all
- ranges.. The time-constant response is less then two seconds on all

-ranges. Instrument warme-up time is ote minute for & meter indication )

within 2% of equilibrium value. 2Zero drift-ig less than 5% of full
scale for eight hours of operation after the 1nit1a’ warm-up period.

C= 3 Geiger Mgg;ler Survey Inﬂtrument

“An Eberline Instrument Company Model E-2004 Geiger-Mueller -

. tube survey instrument wes also used in the logistilcs 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 bets or
‘gamma radiation measurement. The instrument has six full-scale
rangés;. 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% oft full scale on all ranges. '
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_ ' APPENDIX D .
METEOROLOGICAL PROCEDURE AND DATA

A resﬁme of meteorologicdi conditions affecting the test

operaticns during. December of 1961 and January and February of 1962
is given below.

‘Temperature (°F)[ Snow (in.) .
Period ‘Snow- | Mean Wind
Min | Max | Mean Fsl. | Depth ,
. December 3-3L = | -22 | 59 ¢| 17 |8 | 6.0 | Light
January I-3l'" -24 Lo 1 | 1.5 5.3 ] and - .
Febrﬁary’l-lz 1-13 4 | 15 0.8 | 4.5 Variable

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

Winds at the test site were generally light and variable,
the velceity rarely.exceeding 15 mph. During a caim or a.-light-wind
condition, there was nocturnal drainege of cold ailr from the sur-
rounding hi;ls to the floor of the Camp MeCoy basin.. This qaused -

. pecxets of relatively colder ailr in low-iying areas. As much as a
13° tempersture differential was observed between measurements taken
simultanecusly at two different locaticns wilhin the reservation.

Camp temperetures were taken at Fire Station No. 1,. about
~one mile from -the test site. Continuous recordings were made by a
Taylor recorder, which had been checked and celibreated by the U. S.
Weather Bureau. The sensor was positioned near the eave, where it
"was shielded from the direct rays of the sun; however, it was apparent
that when the air wis celm, -heat radiating from the wurm building con-
tributed some erron 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 & hygrothermograph is shown in figure D-1.
~ Daily temperatures for the test period are given in figures” D-2 and
D-3.

9k




It was observed that- frequently the temperature of the test
surface (enow, 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 eir and that of -
the solid surface, as well as to warm or cold air adveection. -A
measurement of. the temperaturés of surface materials and air under
various conditions over & perlod of. time was made by utilizing copper-
constantan thermocouples as temperature sensors at various locations
and & Brown recorder to provide a continuous record of data. Tempora-.
‘tures obtained in this way are tabulated in table D-1 for a 2L- hour'_
period and plotted in figure D-h for a 48«hour period.

- The temperature profiles and tabular data show the importance .
of proper.y describing the method of tepperature measurement; wide
" variations of readings may oceur, depending on environmental conditione
and the locetion of the sensor.

During teet operations, the surface temgeraturee were obtainea
by piacing two thermometers face up on the. snow (ground or roof). Alr
temperatures were measured by thermometers mounted on the scanner
traverse-frame. . The air temperature measurements were compared with
-thoge recbrded_at Fire Stetion No.-1l, the USWB.officilal camp tempera-
ture. .Bxcept for differences due to insolation or shadow effects, the
-readings were usually withinrtwo or three degrees. -

- . Wina velocity. meaeuremente were made with an anemometer
. mounted atop building 645 with readout on a White windspeed indicator.
Snow derisity measurements (table D-2) were made by obtainins & sample
in a gradueted plastic’ cylinder and weighing.it.
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NPC 15,663

. | TEMPERATURE AT FIRE STATION
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FIGURE D-2

10 I
DECEMBER 1961
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DURING ‘I‘IST PERICD
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" TEMPERATURE (°F)

NPC 16,664 -
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TABLE D-1

AIR AND SURFACF TEMPERATURES NEAR BUILDING MN?

{(°F)
‘Time Location of Thermocouples
.of - ~ -
Dey A B L ¢ | b E
1ko0 5 - 2 b -1 5
1600 4 3 7 | 0 4
- 1800 - 3 -3 -4 - -7 -4
2000 1 -9 | -1 | -15 S =12
- 2200 -1 =9 - -16 oo=17 =16
I Feb 1962 ,
0000 -2 -9 | .17 | -8 13|
0200 -4 -11 -17 -18 ~17
0400 -4 =11 Y © 218 T =15
© 0600 -3 210 -17 - | =18 | -6
0800 -1 -7 ] -13 213 | =10
1000 0 4 o200 |, 7 24
1200 9 13 16 10 18 |

U o w >

E. Mounted six inches from wall ‘nf heated building at a

. Burled four inches deep in snow.
Oh‘surfaéé bf~énowfugdgr block of wood.

~ On snow surface wi#hout shield.

. . Mounted in air four feet above surface with a white
paper . shield

- positicn four feet from ground and exposed to sunlight,

* Appendix D
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NPC l6589 -

TEMPERATURE { °F)

.If'
7

Appendix D

"LOCATION OF THERMOCOUPLES

A. BURIED FOUR INCHES IN SNOW
C. ON SURFACE OF SNOW WITHOUT SHIELD

D. MOUNTED IN AIR FOUR FEET ABOVE SURFACE WITH

A- WHITE PAPER SHIELD
F: FIRE STATION NO., 1 {USWB)

FIGURE D-4 AIR AND SURFACE TEMPERATURE PROFILES
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, . TABLE D-2
SNOW DENSITIES DURING TEST PERIOD °

. . :
. . i
R Sl s e b Ot N S et

Date | - Tempgigture C Snow Depth | Snow Density
1962 . (°r) (in.) ) (gm/hﬁ)
~Jan’5 27 6.2 | 0.239
10 | 1 - 6.0 "0:255
a1 | - 6.0 : 0.265
.15 9 ' 6.0 10,270
20 - 5.5 0.281
25 | . 34 . b5 0.320
26 35 : 4.0 : 0.330
31 - - 8 4,2 0,402
Feb.l | - 13 e 10.380
g 23 | a9 | 0.346
3-4 .| 20 to4k | Thawing . | ¢
6 | 1 - 3.2 0.376 .
15 | 19 | 5.5 (Packeda)| - 0:.310
' ' 0.65 (Loose |- 0,150
snow) :

All measurementsa except those made on February 15 were made -

in the open fi¢ld area near Building 447, "There was no

appreciable drift during period, Air temperatures were i
- measured at the “ime - samples were taken. : _ _';
The February 15th. measurements were made in a wooded area’
near Building 447 where the shielding study was conducted,

150

Appendix D _ v . 106




: : ' APPENDIX E

TEST-PLOT 'DECONTA.MINATION 'DATAV

The test -plct. decontamination date are presented in tables
E-1 through E-h2. The tables are arranged in the same order as data
presented in. table TI- -3.

7 . 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) wes made across the center of a 1l0-foot-wide
strir, meXing a total of 10 scuns. per rlot. The anthracene scintillaticn

detector (ASD), used to measure the conteiminsnt intensity, wae sensitive
to a lrfbot-wide strib es it was traversed. A complete description of
the scanning equipment and instrumehtation is glven in Appendix C

The bare- ccncrete plot: measured 20 by 60 feet and required
only 6 scans. The roof plots were scanned by hand, with a: portable
survey meter at e probe height cf 3 O feet.

The radiation Jevél valugs and specific activity of simuxant

'have been corrected for’ decay to the time of eontamination. Averages .

are g-ven w‘th a yO% "onfiqence interval.

e
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TABLE E-1
TEST-PLOT DECONTAMINATION DATA -
10 Jan 1962

~ SBURFACE = Bare Ground

-, EQU}PMENT'q-MeChanical Sweeper
o Temperéﬁ%re (°F)
; ?Air b ﬁSurface - e $__
. Median Time ofif ., )

-.Contamination 1021 ‘Activity Level 0.2

Contaminaﬁiqn Level _ 6.5 0.2 ue/gn
Deposition-Tlevel iul,0 z2h.2  gm/ft

— me/ft2

Decontamination '1020 __ Dose Rate to Operator _ 27~ mr/hr
2,60 min’

Time to Decontaminate -

Operator Time _70.0U3 ~ man-hours

R ' o SGANNER. DATA '
Scan o Cdgtamination  Decoatamination Activity
. no. fadiation - radistion removed
level# T level¥ (%)
7 = = =
i 29.7 110 96.3
2 25.9 2.36 9G.6
; 3 25.9 . . 1.0k 96.0
y 28.7 0.74= Q7.4
5 23.1 1.02 95.6
6 26.8 1.98 : 92.6
7 ' 29.2 3.55 - 878
.8 21.8 5.6 - . F 76,3
S 27.0 - © 9.08 ERCT
10 14.6. 5073 60.8
AVERAGE " | - 25.3 £2.6 86.0 £7.8

* yalues are prcportional to the radiation intensity.'
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TABLE E~-2

TEST- PLOT DECONTAMINA ION DATA

23 Jan 1962
' EQUIPNENT Mechanical Sweeper SURFACE ] Bare Ground
- Temperature (°F)
“Air 22 Surface 20 Contamination Level 16 pc/gm.
Medlan Time.of: - Derwsition Level gm/ft2
Contamination 1308 Activity Level ' 0. 631 mc/f‘t2
Decontamination - 132 Dose Rate to Operator 40 mr/hr
‘Time to Decontaminate _1.50 min Operator Time 0.02 _'man-hours
SCANNER DATA
Scan Contamination ~  Decontamination - Activity
‘no. radistion . radiation removed
level# level® (%) .
1 54 1.83 9.6
2 63.2 = 3.65 9is. 2
3 60.2 3.9L 93.5
“lg 6l.1 - 5.72 90.6-
5 6319 7.09 88.9
6 - 97.9 7.96 9L:9
7 59. 2 6.75 88.6
8 62.3 8.52 1 86.3
9 6L.3 . 9.22 85.7
10 . 61.7 T T 87.5
AVERAGE 6h.8 £7.0 - 90.b 22.1

* Values are proportionsl to the radiation intensity.
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TABLE B~ -3
TEST-PLOT DECONTAMINATION DATA
5 Jan,l962

. EQUIPMENT Mechaﬁidhl Sweeper SURFACE Bare Ground ©

Temperature (°F)

Alr 26 Surface :_ 27 - Contaminatio Level 0.3 *3. 6 g;;/g%

Median Time of: _ - Deposition Level 2. ft
Contemination __ 1518 ~  Activity Level o EBy mc/ft2
1

. . . Decontamination Dose Rate to Operator__ 50 mr/hr
Time to Decontaminate . 5.33 min Operator Time__ 0. O§9 -hours
| SCANNER DATA
' Scaﬁ Gonﬁﬁmin&ti@d ' Decontamination 7 i Activity-
no. . radgiation + - - . radilation removed
level# T level# RSN
i 5 N Rt A . 87.1
3 26.0 . ke g3
5.0 3.6 - bz 8.6
i ., 36 N D sz
5 B 29.5 o b.66 gk.2
6 332 D DR - 85.5
7 300 - ' 5,10 ] 863 v
T%§" 28,4 r' 2.6 90.3
5 33.5 1 3 91.c
210 20.2 - 901
AVERAGE | 27.z 2.7 o - 86.6 £1.7

* Values are pro?ortionél to the radiation intensity.
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| TABLE Eek :
° I

' TEST-PLOT DECONTAMINATION IATA

17 Jen 1962
EQUIPMENT Vacuum Sweeper . SURFACE ‘Bare. Ground
Temperature (°F) ° _ e i
Alr' 15 Surface =14 - Contamination Level _16.4 &B.1 .pe/gm

- Median Time of:

. " " Deponition Level __54.1 x24.3 gm/fts.
- Contamination Og}é . Activity Level 0.885 me/Tt2
08l -

Decontamination Dose Rate to Operstor _ 40 mr/hr
Time to Decontaminate _1.50 -min Operator Time 0.02§ ~man-hours .

SCANNER DATA
-.8can “Contamination . Decontamination - Activity
. Do rgiiz:i:n N ra.ﬁiz;l‘gn: KN ?et?;x)red y
ol 351 oy 88.3
e | osa o sz | es.8
30| eks | .20 | o e1.3
v ess | 6.77 | .1
s | e 9.50 . | 8.9
6 | . 32 R . 88,0
7 70.9 . 735 1 8.6
6| eo | . es | a8
9 | e |1 : 84T el
0 | et | [ Bos | esa
AVERAGE 63.4 %6.6 ] esos0.9

# Values are prqportional to the 'radia.‘tio;n intensity.
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TABLE

E-5

.TEST-PLOT DECONTAMINATION DATA

30 Dec

EQUIFMENT __ Vacuum Sweeper
- Temperature (°F)

SURFACE

1961

Bare Ground

FHL-

bt

s ) AR 2T g™

SR

Alr 18 Surface . 18- Contamination Level 7.5 +0.8 pe/gm_
- Median Time ef: T Deposition Level 34,5 £29.1 gm/fté
Contémination - 1220 -  Activity Level _ 0.258 _ me/ft?
Decontamination 1443 Dose Rate to Operator__139 - mr/hr

Time to Decontaminate _4.00 min

Operator Time_ 0.067 maf -hours

| SATVER DATA - |
Scan ~ Contamination | Deoonﬁémination Activity
no. radiation - . radiation removed
- © levelk level* (%)
1 16.2 - 9.58 "T.-‘ 40.9
2 ) 17.1 o0 | 46,8
3 | a8 1190 o ks
7'47 -_f-.' 19.6 12.32 ' o ' '37.2
> o 26.2 ;5.38 _7 o .41.;
5 23.3 13.66 W
7 18.8 16.06 ©1n6
8 .zu.s 13.80 . . #3.6
9 2k.5 i2.82 7h7;7
10 77 AT e | 333
711~7 | 10.6 6.93 , 15.8
AVERAGE - ©20.0 2.5 ' " 37.1 6.4

- # Values are proporticnal to the ra

~ REMARKS: . Vacuum sweeper broke down
decontamination. T
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TABLE E-6

. TEST-PLOT DECONTAMINATION DATA -

_8.5%2.3° pe/em

5 Jan 1962
EQUIPMENT _ Vacium Sweeper - SURFACE ‘Bare Qround .
‘Temperature (°F) ) o T
Air 26 Surface 27 . Contamination Level
Median Time of: ' " Deposition Level t 2 2 /ft2
: _ Contamination 1410 . Activity Level O.E E mc/ft2

. Decontamirstion -_Eﬂﬁs_—"_ Dose Rate to Operator mr/hr
me t0- Decontaminate _4.00min Operator Tite __ 0.067 . man-hours
, - SCANNER DATA .
§can | Contemtmation V'Deéontémin;tion Actiyi%y
no. - ©7  radiation - radiation - removed
’ level# level# (%) . -
'ivr_' ' 7 { 189 | 5,31 7.9
2 | 29.2  7.52 Tz
3 8.2 . 8.80 68.8
¥ 32.0 9.22 L2
5 33.5 12.7 - 62.0
6 32.7 10.57 67.7
7 - 32.5 6.4o 80.3
8 - 31.3 8.70 ; -72.2'
9 28.i 10,48 63.2
0 |- . 300 ©9.56 - 68.1-
AVERAGE - 29.7 £2.4 70.0 ?3.1

* Values sare proportiocnal to the radiation intensity.
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TABLE E-7

TEST-FLOT DECONTAMINATION DATA

| 10 Jan 1962
EQUIPMENT _ Motor Grader - SURFACE - Bare Ground .
Temperature (°F). _ . :
" Alr _, -3 Surface =1 - Contemination Level 6.0 %0. ¢/em. -
" Medlan Time of: - - Deposition Level _L47.3 £1B8.F _egm/fté -
. Contamination _ 1154 -  Activity Level ~— 0.285 . me/ft8
. Decontamination- 1251 _Dose ‘Rute to.Operator__ 15 " mr/hr
"Time to Decontaminate 10.00 min Operator Time _ 0.16 : »_ms.n-hours_
o ~ SCANNER DATA _
Scan - . éon‘c‘a.miha.‘c}ién - Decontamination . HAct:lvit}"'
no. radintion . - rediation ' _removed
= T . level# B - level# - (%)
1 s | 22.8 - . 10.2°
2 " 279 1 ek 7 12
S D R U L X 23,0
Lo 3246 191 L
5 | o 2k0 -} 3.5 1 -52.1 -
6 129.6 © 23.3 I DR+ 0 §
7 26.7 IR 8.6
8 S 25.9 . 281 - 8.5
s | - 209 145 .. 306
w0 |- 295 z3.2 1 - a1
AVERAGE 278 #2.4 - 10.8 £15.0

% Values are -proportionel to the radiation intensity.

REMARKS: Grou.ﬁd_zwas frozen too hard for blade fab _.,penéi':raté_; L
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TABLE E-8

TEST-PLOT DECONTAMINATION DATA

| 20
' EQUIPMENT _
-Tempersture (°F)

Fire Hosing.

-Jgn'l965

SURFACE Baré Ground_

~ Contamination Level 'g.[ pe/gn
. Deposition Level =~ U6.3 an/ £

Air 0- Surface: -1
Median Time of: P
Contamination 1130 Activity Level 0.357 me/ £t
Decontaminstion 1212 - Dose Rate to Operator lz  mr/hr
Time to Deccntaminate 7.25 min Operator Time _ 0.48 . manchours
 SCANNER DATA
Scan ) Contamination Decontamination Activity
no. | - .radistion radiation. removed
level® level®* | - (8)
T - N T.62 " - T75.9
2 35.9 6.5 8Lz
.3 ' 31.6 11.72 62,9 -
b 35.0 9.L2 73.1
5 4o,k 25,34, 373
6 36,1 17.98 5004
7 33.8 20.19 £0.3
8 h2.2. 27,02 36.0
9 - 30.2 21.55 . 28.6
10 |- 32,6 W 2730 116.3
AVERAGE 35.0 £2.2 " 50.2 £12.8

* Values are proportional to the radiatlon intehs;ty.

REMARKS: 1.

Fire'hoae had s 2.5-iﬁch-nozzle with a L-inch bore.

2. Pour men workéd simulisneously for (.25 minutes.
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TABLE E-9 - Co R

TEST-PLOT DECONTAMINATION DATA

e o ko AU i et s

s

19 Jan 1962
EQUIPMENT . Fire Hosing - SURFACE Bare Ground
" Temperature (°F).

CAdr 4 Surface 10 Contamination Level pc/gm
Median Time of: e Deposition Level T E3.6an/fte
’ - Contumination __ 1446 Activity Level __ 0.541. _ ~  me/ft°

Decontemination ___EEEE____ -Dose Rate to Operator __ 15 mr/hr
© Time tc Decontamlnate Q.OQ'min'"Operator Time 0.6007 man-hours
o © SCANNER DATA - 7
| Scan i Contamination !  Decontamination Activity
ne. | “radiation - rediation | v - removed
: . level# , . level® - ’3 (%)
i - 30,9 | 228 | 262
'z ¥7.2 ©15.3 . 67.6
3 f . s f . 158 T | 69.5
i ok ke - 70.0
5 B | 2.9 |63
6 | W75 - -6k | 865
T S8 33 S S0
8 . [ 36.2 © 20.0 : . ui.8
9 e 9.1 7 56.6
10 ' 22.3 . - Sk 36.3
AVERAGE 41,1 £5.5 L "’ 55.3411.4

#  Values drerproportional td the radiation intensity.
REMARKS: 1. Fire hose had a 2.5-inch nozzle with & l-inch bore. -

2. rour men worked simultaneously for 9 minutes.
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TABLE E-10
TEST-PLOT -DECONTAMINATION DATA

6 Jan 1962
EQUIPMENT _ Fire Hosing. SURFAdE, _Bere: Ground
Temperature (°F) . ' :
Alr 20 Surface - 21 COntamination Level 14 1 sk, h pc/gm -
Mediun Time of: - *  Deposition Level gza 2 /ft
.Contémination llh} - Activity Level /ft
Decontamination _1220 ~ " "Dose Rate to Operator B mr /hr
Time to Decontaminate 2.50 min Operator Time 0.167 ___ man. man~hours -
, B , SCANNER DATA
Scan - Conteminetion |  Decontamination |  Activity
no. . -radiation - -, . radlation - removed
_ level# ¥ level* |. . (%) “
2. - . 306 | - 236 - | 229
3 k0.1 3o |- 1s2
Yy k.8 | 1.4 o 23.8
5 L T | 385 713
6 464 R -
7 IHES B 4.2 T - 0.5
g Mz | S387- | 12k K
9 k5.2 | . 35.2 -
10 138.6 . /37.8 - 2.1
AVERAGE | . 39.6&h.8 | - ) ] 1s.:ami0

# Values sre proportional to the radiation intensity
REMARKB:VVl. Fire hose had & 1. 5 -inch fog nozzle with an adJustable

~ bore.
. 2. Four men worked simultaneocusly for 2.5 minutes.
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TABLE E-il

TEST-PLOT DECONTAMINATION DATA -

: EQUIPMENT'Rotary'Broom Sweeper -
" Temperature (°F)

Alr_ 3L . Surfuce __ 33 .
Medianr Tlme of: L
Contamination 1h4khL
. Decontamination __ 1510 i
Tire to Decontamlnate _1.33 min

2k Jan 1962

SURFACE _____'Bare Ground _

Contamination Level 10.5 0.3 we/gm
Deposition Level _51.k £39.6 am/fté -
Activity Level _ 0.530 ___ me/ft%

Dose Rate to Operator 40  mr/hr-
Operator Time .0.022 - man-hours

’ 7 SCANNER \DATA
‘| Scan Conéamination ! Decortaminatlon - Activity
.no. . radiation radiation 1 removed
h=====:; tt;=4f;" level® - _ '1 VleVel% ' i.. (%) ;'
1 . aLg T 27.1 35.3. :
- | . shis '15.2 | 2.1
3 - k2.6 5.6 | - 869
b 35.7 2.6 | 395
5 43.0 18.6 o 56.7
8 35.7 8.5 .776.2
7 “31.3 11.0 6.9
8 136.9 7.9 | 78.6
9 ' 320 6.is gz
AVERAGE L 39.3k.5 'l 65;6_&11.3‘

# Values are propertional to the

radistion intensity.
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TABLE E-12
TEST-PLOT DECONTAMINATION DATA
-9 Jan 1962

EQUIPMENT ~ Mechanical Sweeper ~ SURFACE Bare Asphuit

Temperature (°F)

Afr -_-11 _ Burface ._-8 -~ Contaminatioz Level 5.5 0.2 pc/am
Median Time Of: T Deposition Level El.ETéiQ:E g/ £t2
' Contamination 0823" Activity Level “o.zg§> ~ me/fté
Decontamination OB Dose Rate to Operator _ 15 —  mr/hr
"Time to Decontaminate 1.73 min Operator Time 0.029 _man~hours
SCANNER DATA™
Scan | Contaminstion ' Decontamination. Activity 7
no. : rediation ' radiation - re?oged ,
level# : o level* - |- % ,
1 - | 17.7 - l.2b . 93:0 -
2| 176 S 135 923
3 209 135 ] 935
i ez .2k gk
5 21.1 1At -
6 22.2 ' L 1.09 - |- 95,1
7 25.9 104 . 96.0
'8 21.2. 0.8 5 95,9
AVERAGE | = 2.1 41.5 - - | #3209

" # ‘Valués are propertional to the radiation 1ntensity. .
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TABLE E-13

* TEST-PLOT DECONTAMINATION DATA

30 Dec 1961

EQUIPMENT Mechanical Sweeper

Tempersture (°F)

Air T . Surface 8

Medien Time of:
Contamiration 084
Decontamination _ 0931
Time to Decontaminate 2,50 min

SURFACE =~ Bare Asphalt

Contamination Level 4,6 %3.1 - uc/gm’
Deposition Level _ ~30.2 ig.ﬁ an/ft2
Activity Level "0,280 __me/ft?
Dose Rate to Operator __ 11 - mr/hr

Operator Time ___ 0,02 man-hours

. SCANNER DATA - N
Scan ) : Contamination. [ Decontaﬁination | Acti&ity'
no. radlaticn - radiation - removed -
. : level¥ level* (%) =
e 10.2 - 3.92° . | 6L67
e | uax 3.81 | es7
3| 12.2 3.6 706
b 12.8 3.43 ' 73.2
5 o 15.2 3.65 . 6.0 .
5 6.2 V- | 76.3
7 13.0 3.73 . T3
& " 1“'8, 4.20 "U. frl71.3ﬂ'
9 - T2ho : 4.58v, | g0
ic sz 322 | 8.8
"'-;1 82 '3;59_ ,‘ N 780.37
AVERAGE 14:8 22.2 1 73.i4 1.0

# - Values are proportional tc the radiation intensity.

REMARKS: ¥ain brush mounting loosened as-swéepgr made its third

"decontamination pass. -
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TABLE E-14

TEST-PLOT DECONTAMINATION DATA

#% Values are proportional to ithe radiation intensity.
REMARKS: 1. Fire hose had a E.S-inch'nozzle with & l-inch bore.

2. Four men worked simultaneously for 10.5 minutes.
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17 Jan 1962" - _
EQUIPMENT ~__Fire Hosing SURFACE ____ Bare Asphalt .
~ Temperature (°F) , . T , ,
Alr - O Surface -4 Contamination Level 16.6 £0.5 -nc/gm
‘Median Time of: S .«Deposition Level 19.8 £17.08 gm/ftz'
Contamination - 1517 - Activity Level _—_ 0,825  mec/ft?
" Decontamination lgl ‘Dose Rate to Operator __ 30 “mr/hr
Time to Decontaminate 10.50 min Operator Time 0. 700 man-hours -
, ' SCANNER DATA _
Scan Contamination N '_D'eégpntaniinatiori,_ : Aétivity
no. ~ radiation © - radlation . removed
: Cléevelw level® = (%)
1 TL6 3.6k - k.5
2 . ess | ' 3.82 - | omez
3 , 3.5 1 k23 bz
i .7 + | 7.29, . o2.6
5 6.3 o séz | 939
6 83.0° N A T TN
"7 o2 | 166 97.7
8’ 616 = | - 6.9z | - 8.8
-9 85.3 R - NI - 89.6
AVERAGE | T Th.T#6.5 | I 93.0 £1.6

PRI e B =0 4

L ki b e b el st B 2 A1 ] LA s




.~ TABLE E-15

TEST-PLOT DECONTAMINATION DATA

g Jan 1962 -

EQUIPMENT = Mechanical -Sveeper

Temperature (°F)

. SURFACE_

Bare Concrete

Contamination Level -

Alr - Surface -3 c/gm
 Median Time of: | Deposition Level. 55 2 iﬁg 7 gn/fté
' Contemination 1218 - Activity Level 0.215 me/ft

Decontamination 1250 . 'Dose Rate to-Operator __ 1z - mr/hr

Time to Decontaminate 0. Z§ min Operator Time ‘0.012 man-hours

' SCANNER DATA
‘Scan Contamination " Decontamination . Activity -
1 nc.. - - radistion " radiation removed
: leveld . level® (%)
i - ,,17.3 - .0.86 95.0
z | . gk 1.13 9.7 -
3 | o180 C.96 h.T
i S 1h8 1.39 90.6.
5 17.6 c.90 9. g
6 - 10.6 0.95 9L.C
AVERAGE 16.6 +3.0 3.5 1.6

% . Values are proportionai tc the radiiation intensity.

REMARKS :

™

. Apperdix E

Concrete ylot measured 20 x 60 feet.




EQUIPMENT

- TABLE E-16a

TEST-PLOT DECONTAMINATION DATA.

Yacuum Swyeeper

30 Dec 1961

' SURFACE

- Temperature (°F)

Bare Concrete -

(First Decontamination)

Aldr 18 Surface - 16 Contumination Level 7.8 %3.1 we/en
Median Time of: ' Deposition Level _32.3 £26.5 @m/ft2
Contemination ___ 1130 Activity Ievel _ 0.250.  mc/ft2
. Decontaminetion __~ 1150 Dose Rate to Operator_ 23 nor/hr
Time to Decontaminate 4,00 min. Operator Time _ 0.06] _____ man-hours
' . SCANNER DATA )
|'Scan - 'Contamination Decontamination - .| - Activity
no.. ~ radlation radiation removed
level# - ~level# - (%)
18.7 b.78 o4
2 23.2 5.00 6.4
3 19.1 5,89 69.2
4 28.1 1.13 9.0
5 3.8 2.93 91.6 . -
AVERAGE - 24.8 £6.4 81.9 £10.9

‘*vVaiuesrare proportional to the radiétion,inténsity.

,REMABKS:ﬂ Concrete,plot-meagured 20 x 60 feef.'-
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TABLE -E-l6b -

TEST-PLOT DECONTAMIBATION DATA

30 Dec 1961
EQUIPMENT _ Vacuum Sweeper - SURFACE - _Bare Concrete
. Temperature (°F) . g _77(Second Decontamination)
Atr 18 ~Surface 16 - Contamination Level pc/gm
Median Time of: S Deposit;on Level _ - gm/£42
. Contemization __ 1130 - Activity Level : mc/ft‘r ‘
Decontamineticn 1516 . -~ Dose Rate to Operator mr/hr

Time to Deconzaminate_G.0C  min Operator Time 0.150 ~  man-hours

e et mmeme

SCANNER DATA

Scan (7 CoqtamiqatiSn ) -Decontamination: S Activity
‘radlation ) radiation ) . removed
level# N . - levelw N (%)'_7“_
18.7 R N S
z | ese | 203 | a3
3| s 3.25 . 7830
T ) PR | 88.5
5 Y | koL 88.5
AVERAGE | éu.s £6.4 a R , 86.6 £3.9

- Values are broportional to the vaai&tion in:ensity

qMAR<S B Since the simu;ent had beexn partia_ly reroved by the
Tirst decontemination, the activity level was'not known.

2. The operetor time and efficlency index are based on
- total time feor two aecontaminations.
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TABLE E-17

TEST-PLOT_DECONTAMINATION DATA

19
EQUIPMENT Fire Hosing.

" Temperature (°F)
~Alr o =l " Surface . 0
Median Time of:

Jan 1962

SURFACE ' Bare Condrete

Contamination Level 6.9 pé/gm
Deposition Level 18,3 am/rte

ST ' 3
Contemination __ 1036 “ Activity Level 0,333 mc/ft2
Decontamination - 1123. Dose Rate to Operator _ 6 mr/hr
Time to Decontaminate 10.00 min Operator Time _ 0.66 ___ man-hours
SCANNER DATA _
L /
Scan Contamination : Décon%ém;ngtion Activity
no. - radistion radiation - . . removed
- - .lével# © . level® . . (%)
e — , . A D
L 31.9° B R W 8.2
2 |- 219 5. 94 A mer
3 27.8 e 76.8
o k0.3 . 17.88 . 55.6
6 | s 12.96 | -l2.7
AVERAGE 28.0 6.6 " ba.g zhi.o

* 'Values sre proportional to the radiation.intensiﬁy.

' REMARKS: 1. Concrete plot méaspred:éo x 60 feet.

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

3. Four men vorked simultaneously for 10 minutes.
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. TABLE E-18 N
TEST- PLOT DECONTAMINATION DATA o

20 Jan 1962

EQUIEMENT ___ Fire Hosing  SURFACE ___Bare Concrete

iemperature (°F)

" Alr - 2 Surface 3 . Contamination Level E 3 p/
ft

- Median Time of: - Deposition level )
o Contamination - 1440 ‘% Activity Level ~0.399 mc/ft
Decontamination _ 1501 - Dose Rate to Operator 6 mr/ar .
Time to Decontaminate _3.50 min Operator Tinme 0 233 man-hours )
- SCANNER DATA
|8cen | Contamination Decontamination Activity
no. * -radiation - . .radiation ” removed
' T “level* . | - - level¥
1 ks st e esa
2 |- 29.2 295 | 899
3 392 N R .7
K 321 - 1k 95.6
5 38.2 2 96,4
6 32,9 - N R (A -
rVERACE a 36.2 £:.8 - IR 93.3 £2.7 .

* Values are proportional to the radiation 1ntensity.
 REMARKS: 1. Concrete plot messured 20 x 60 feet.
2. Fire hose had a 2.5~inch nozzle WIth g l-inch bore.

3. Four men worked simultenecusly for 3.5 minutes.
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TABIE E-19
TEST PLOT DECONTAJENATION DATA
9 Ja.n 1962

EQ,UIPMENT ‘Mechanical Sweep_ SURFACE - .Packed -Snow

‘I‘empera.tu.re (°F) _ : : -
Alr <6 Surface <4 Contamination Level 4.7 0. pc/gm
Median Time of: . ° - Deposition Level ,Eﬂ.g £10.0 gn/ft8

Contamination - 1&5_1 Activity Level —0.208 me/ £t E
_ Decontamination 1421 Dose Rate to Operator '35 mr/hr
- Time to Deconta.mina.te 1.25 min Operator Time 0.021 - ma.n-h_ou.rs _
, o sc.m\m DATA
Scan Contamination . |  Decontamination | Activity
ne. |4 - radiatiod radlation removed
. level# _ _ level® (%)
2 ' 721_."79 1l o 98k
3 202 o L8 %09
an 20.8 - - 1% - | 0.6
5 21.7 12 9kl
IV 6 20.9 , o 0.90 | _951.7 '
7 R Y ' 97.8
8 17.k - 0.2 | g7
g REL 2 T R Te v S - 90.z
w0 | 3.6 . 0.8 o -8
AVEKAGE | °.19.1 3.5 o o o 93 b2l

* Values are proportional to the radiation intensity.

- Appendix E - 127




- TEST-PLOT DECONTAMINATION DATA

TABLE E-20

© 23 Jan 1962

'EQUIPMENT _ Mechenical Sweeper _  SURFACE

Temperature (°F) -

Alr 2k

-Median Time of:

Surfaﬂe 20

* Contamination Level
.Deposition Level

- Packed Snow

1k, ¢/egm 7
33:5 *2% 2 g;m/ft2 7_

Contamination  14k6 Activity Level me/ft2
_ Decontamination __1516 _  Dose Rate to Operator __25  mr/hr -
Time to Decontaminate 2. OO min - Operator Time 0.033 man«hours
SCANNER DATA A 1
Secan Contamination Decontamination Activity
1 -no © radiation radiation . rémoved
levels - lewvel# : (
1 35.6 , 2.38 93.3
2 48,7 ~3.91 92.0
3 67.2 3.16 95.3
b 73.0 3.9% | 9h.6
5 40.1 2.45 ' 93.9
6 4.7 2.25 9.5
T 30.1 3.65 92.7
8 61.2 3.36 9.5
9 62.5' 2.81 " 95.5
0 51.0 3.04 k.0
AVERAGE 55.4 &7.1 H.2.40.8

% Values are proportiocnal to the radiation intensity.
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TABLE E-Zla. o

TEST -PLO‘I' DECON'I‘AMINATION DA’I‘A

-5 Jan 1962_
EQUIPMENT Mechanical Sweeper  SURFACE _ . -Packed Smow
‘Temperature (°F) , (First Decontamination)
Alr 24 Surface 26 - Contamination Level 11.8 £3.8 uc/gn'
Median Time Of:- T - .Deposition Level 7.3 %2k, Bgm/f62
 Contamination _ 1100  Activity Level . 0. 555 me/£42 .
-Decontamination _ 1117 Dose Raté to Operator 22 mr/hr
~ Time to Dgcontaminate 2,00 min Operator Time _  0.033 man-hours
o , SCANNER DATA ) -
[Bean =~ [ Contemination | - Decontamination | Activity
" Nno. - : radiation © .radiation . - ‘removed
N level® - . leveld
1 4. 216 S 134 ] - "s52.5
2 ] w0 | 15.7 | &35
3. 3 | w1 | 552
4 3.7 Co13.6. 58.L
5 28.8 131 Sl b
6 309 - £ 13.6 56.0°
7. D 20.3 187 - z2.7
8 6.9 | 1.3 - | - s80
9 , ©20.9 - 109 o W78
10 - - 11.7 ) 8.8 - 2k.8
AVERAGE | /R I E | k382

# Values are proportional to the radletion intensity.

R’*“MABKS Hopper was cleaned. out and brushes were ad,Justed a.fter
. N ‘this test. . . :
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TABLE E-2lb

“TEST~PLOT DECONTAMINATION DATA

5'Jan»l962

EQUIPMENT Mechanical Sweeper

Temperature (°F)

SURFACE
(Second Decontamination),

‘Packed Snow

Alr - 2k . Surface 26 Contemination Level pc/gm '
Median Time of: - Depoaition Level am/Ft2
Contamination 1100 Activity Level me/ft2
Decontamination 1136 Dose Rate to Operator - mr/hr
Time to Decontaminate 4,00 min Operetor Time 0. 061 man-hours
7 ; SCANNERVDATA'
Scan - Contaminatioh - Decontemination Activity
" no. -+ rediation ‘radiation removed
e o level#® leveld (%)
:1-:=====#_; = - 2
1. 27.6 3.4 87.5
3 315 - k.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 | 7 25.8 £1C.7 ' 85.1 &0

#* Vaiues are’ proporuional to the’ raaiation intensity.

REMARKS: 1. Since the simu;ant had been partia;ly removed by the R
. first decontamination, the activity level was not knéwm. .

2o The operator time and. efficiency index are based on
total time for two decontaminations.
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| TABLE E-22
TEST-PLOT DECONTAMINATION DATA

9 Jan 1962

Vacuum Sweeper

Temperature (°F)

Air <

MedTen. Time of:

Surface _=8

Contamination -1250
1 Y,

. Decontamination
Time to Decontaminate _ 3.00 min

SURFACE - - Packed Snow

Contamination level 5.0 £0.2 _ uc/gm
Deposition Level L7 26.3  gm/fte -
- 3‘0 '33"""

Activity Level .2 me/ £t

-Dose Rate to Operator 20  mr/hr

Operator Time. _ 0,050 _man-hours -

SCANNER DATA - _ .
| Been " Contamingtion Decﬁﬁte.minat__;ion RE "Activit'y
no. ',rajd-i.‘a,ﬁ:n ' rii:zzi:n - ) reju;)ved
1 17.8 8.0k - 54.8
T2 181 ’9‘61- ' 46.9
3 185 803 - | s6.6
- - 19.6 858 6.2°
5 206 9.87 - 52.1 -
6 19.3 8.00. 58,6
7 19.9 o3k | s
8 19.2 en ) 56
9 17.8 7.70 567
T N P N 628 7| w85
AVERAGE | 18.3 -».-13 .  Usne sz

_ # Values are proportional to .t.{l_ne radiation intensity.
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¢
TABLE E-23 '
TEST-PLOT DEGONTAMINATION DATA
) 29 :DﬂeQ 196!.
EQUIPMENT _ Vacuum Sweeper __ SURFACE _ Packed Smow
‘ 'I'émpera.ture- (°F) : L
L Alr 6 Surface 11 ‘Contemination Level 1l.1 6.3 uc/em
Median Time of: . Deposition Level 1 8.6 gn/ft2
Contamination lghg _ Activity Level 0.512 " me/fte |
Decontamination 162 Dose Rate to Operator 19 mr/hr
Time to Decontaminete 3.50 min Operator Time _ 0.058 man-hours
. _ - SCANNER DATA o
‘Scan Contamination " Decontamination Activity
no. ) rediation . radlation - - | removed
: ] - level# . level® = 1 @
1 115.8: - 1 376 - T6.2.
2 21.9 - RN ) | etz
3 20.6 B 300 85.2
4 C25.4 ' C 339 - 86.7
5 279 . 13,30 88.2
6 2.k T kos 8L
7 21k : 3.36 o 8h3
8 29.5 , “3.020 | 89.8
g 5.3 T 297 ' ! 80.56
w0 L0930 - e2.28 -- 75.5
i | is.8 o 177 . 88.8
AVERAGE |  20.h #3.3 | eso0z2.7

# Valies are pz‘oportional to the radistion interisity.
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EQUIPMENT

Temperature (°F) -

'TABLE E-2b -

TEST-PLOT DECONTAMINATION DATA

Vacuum Sweeper

5 Jan 1965. }

SURFACE Packed Snow

- Alr - 26 Surface - 28  Contamlnation Level 10.3 #1.8 -juc/gm
Median Time of: R - Deposition Level -EB.E &35.5 am/ft8
Contamination __1317 Activity Level o.E%E T me/ft2
- Decontamination lE}’ —__ Dose Rate to Operator ___15 or/hr
Time to Deconteminate 4.5 'min Operator Time _ - 0.075 . man-hours
. SCANNER DATA
* |- 8can . Contamination Decontamination cActivity
| no. radiation radiatlon . removed
' level# s Level# - (%)
1 33.3 197 ookl
2 30.9 3.68 . 88.1
3. 37:6° 6.68 . B2.2
= 35.0° LTk 86,5
5 29.4 5.29 . - 82.0
6 38.3 3,90 - 89.8
7 35.0 5.59 : 8k.0.
8 31.4 h.66 85.2
9 33.6 - 3. : 90.6 -
10 25.7 b2z 83.6
AVERAGE 33.1 #2.2 86.6 £2.3

# Values are proportionsl to the radiaﬁion‘intensity.

. Appendix E

. 133

S FONIPEpTS

P U BN TOpY St




TABLE E~25

TEST-PLOT DECONTAMINATION DATA

-9 Jan 1962

_EQUIPMENT ___Motor Grader

Temperature (°F)
Air -8 Surface =10
Median Time of:

SURFACE - Packed gpow_'

’Contéminatiﬁh Level 5.2 =0, we/gm
Deposition Level Eg.ﬁ £.6.6 gu/fté

Contamination 161+E Activity Level 0.252 me/ft2
Decontemination __LT2 ~ Dose Rate to Operator ___20 m;/hr,
Time to Decontaminate _1,60 min Operator Time - 0.02 man-hours
| SCAVNER DATA .
Scen Contamination . Decontamination- Activity
.no. - radiation - ~radiation - removed
_____ L NI "1 - U] MU ) M
S <K N o.m3 . | sz
z | . 2.0 5% | 7 o0
3 23.3 4.36 R
b 207 7.55 k6
5 21.0 186 7 | 9.z
e 20.3 162 |- ogzc
7 22.5 0.86 - | . 962
8 18.C " 060 96.7
9 2¢.5 0.23 -~ -] - 989
10 19.9 o3 983
AVERAGE | 22.1 £1.8 = - '  86.2 £7.9

# Values aré proportional to the radiation intemsity.
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EQUIPMENT  Motor Grader -

TABLE E- 26&

TEST-PLGI‘ DECONTAMINA’I'ION DATA

Temperature (°F)

' Alr S

Median Time of:
Contamination
Decontamination

Surface

1k

)

SURFACE

. 29 Dec 1961

Packed Snow

(First Decontamination)
Contamination lLevel
Deposition Level.
Activity Level.

111”;10 e/
f%‘

O.EEB mo/gt

Dose Rate to Operator

20 - mr/hr

Time to Decontamix_zate -2.15 min Operator Time 0,036 man-hours
i scANNﬁR DATA
Secan Contamination - - Decontamination Activity
no. radiatlon radiation removed
- level# T level# (%)
1 31.5 o 837
2 15.2 ko Ll
3 oo . Th 180.3
b 16.1 .32 3.2
5 14.6 5,77 60.5
6 48.0 4.0z 5.6
7 26.1 3.35 87.2
-8 5.8 - 5.21 67.2
3 6.7 3.36 - 799
10 50.9 3.56 93.0
" | avemacs 23 £l - 78 8162

* Values are proportional to the radiation intensity.
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TABLE E- 26b 7
EST-PLOT DECOVTAMINATIOV DATA _"7. : : S
i
29 Dec 196J. S 7
EQUIPMENT Motor Grader- " - 'SURFAGﬁ Packed Snow 7
Temperature (°F) . . 7 (Second Decontamination - _
Air 9 Surface , ls -~ - Contamirstiocn Lever . pﬂ/gm -
Mediar idme ofd "~ Degpcsition Level ' ,/i"f2 P :
© Comtaminaticn  i34p - Activity Level = . &
Decontamiraticn 145 - - Dcse Ra. e tc Operator i
Time to Deconiemirate H.n0 min Obe*a T™me O, 013 mar'_"‘
QSCAKNER DATA - 7 ,
) . o L C =t
Scan ) Contemihesion” T DﬂccnuamAration Sy Acq;v_ty . -
%o, | v rediamion radiation . [ _'remcveu 4
© levelx* L ogévelr o T {%)
1| 3257 . | - om0 6h.T
2 152 | 283 L | Bl
3 2.0 . . . 2.8 . 88.8
cw 6o 2.5 "' 86.6
5 1.6 . 2.8 80.3
6 48,0 2.86 gk .0
7 ' . 261 . 2.30 ' T Gl
8 15.8 .36 7k
9 16.7 - 83,4
SO 5C.9 i 92.9
AVERAGE 2.3 %7.1 I - 83.6 ,
s Are proporuioral te the radistion intersity. i
Ii., Sirce the simiient had been partislly removed [5'2 ure . 1
! firss deccnterinaticn, the deposit ion leve¢ was not kac j N , B
“8. "The cperator time and offi cic$C"4index.&:c based on
o*a¢ time for two decvntaminatichs.

Arpen
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| DABLE E-27

- TEST-PLOT DECONTAMINATION DATA

_ 5 Jan 1962 _
| Eqﬁ*PMrNT Motor Greger __ SURFACE __ - Packed Snow
o empe.u.zture (°F) ‘o -
Alr _86% _ Surface _ 26 Contamindtion level ___ = c/gm )
Median Tidey of: o Deposition Level _ . - gm/ft2
_ Contaghinstion 1224 « Activity Level T me/ft? -
Decontgmination Dose Rate to Operator 10 nr/hr  *
T:Lme to Deaontaminat B.00 min Ope:roitoz; Time 0.133___© ma.n-houre
SCANNER DATA ) . s :
.Sgan ' . ’ , Contg.minaﬁion' “Decontamifation N Activity ¥ -
1 no. - | - radiation = .. radistion [ removed-
L T 1evelrs " Levelw . (%)
1o [ 18ae 7 e.e3 | et
2 | ess .. L Lz - | 908
3 211 L 2.68 83
R 9.3, . - . 1.66 - 1.k
5 22,5 ' . 1.87 -} -9L.T
6 " 2L.9 : .26 - ogk3
T 8.2 L2l 93
- 4.8 Ce0.99. | 933
9 .3 . 0.92 ' 1 93.6
1 10 2.4 - ) .96 - - 92.3
AVERAGE 18.8 2.4 ' ) 9L.6 ik

e 1] . - - EE .
- % Values are proporticnal to the radiation intensity.

REMARKS:" The contamination and deposition levels were not niég.sured_.

Two cuts were made with blade scrapper.
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ZQUIPMENT

TABLE E-28

TEST-PLQT DECOVTAFILATIOL DATA

Fire Hosing

20 Jan 1962

SURFACE *___Packed Snow

Tempéréture—(éF)

Alr Cel-

Median Time of:

Surface

-5 .Cdntamination Level __9. 3 pu/gm
S Depositicn Level .~ 55. gm/ft‘

Contarinetion __ 1006 Activity Level 0.5L7. mc/ft2
Deccntamination - ® 1CK Doge Rate to; ‘Cperetor __ 6 mr/hr

Iime te Dvcowtawinate 15.0C min Opera r mime 1.00C man-ho¢rs

no. -

woom N O w

1>
o.

~ | AVERAGE

level# s

[ab]
-3
Ere

[3Y)
T
—

oo
\un

Ly
(¥8]
N O

(ed]
[6)

,29.5

26.2 i2;2 -

o .;"-\:
SCAWNR DATA sy
Scan - Cortamination Decontaminat icn ' Activity
radiation radiatioch ) removed

level#

s | 2.6
: 9.23 AR 66 i
i1.28 738
2.61 59.2

3.72 § 89
- 3.38 © 861
. T.92 6ir2
oo €1.9
; 6. 8.2

76.3 &35.4

# Values are rroportional to the radistion intensity.

REVARKS: 1.

z.

Appendix E
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2.5-inch uvzzle with a Leinch bore.
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" TABLE E-29 -

TEST-PLO‘I‘ DECONTAMINATION 'DATA

24 Ja.n 1962
EQUIPMENT- firé Hosing - SURFACE Packed Snow"
- ‘Témperature"(°F)ﬂ ' , ' T
- Ay 20 Surfaée 18 . Contamination Level 12.4 #0.2 c/gm
Nediap Time of: ' Deposition Level- +24..1 - gm/ft
- iContamination 0932 . Activity Level 0.3 mc/ft
Decontamination _Al29 Dose Rate to Operetor [ mr/hr
Time to. Decontamipate Q:OQ“Jmin Operator Time 0. 600 man~hours
L - ]
3 . SCANNER..DA%A - O .
Sean | ! Contamination® Decontamination |, Activity
no. 1 7 radiation - radiiition - [~ removed
' : Level® -~ leveld (%) -~ ’
z ' 60.9 12,87 18y
3 s1.2. . . |- 1000 . - | .  80.5
§ 47.8 9.76 - 79.6
5 7.7 - 1.6 - 15T
6 5142 , 7.58 - : 85.2
7 k77 g.os - | 831
R 515 TS | 8.5
9 k7.0 ol 7.k | eu.s
20 - 73901 . 6.58 o0 83z
: ’ ) : . il
AVERAGE . | .. Wr.9#kz - | | 'BL.54#.9

* Valués'are“proportional to the radiation intensity.

- . . o . -_1-_. . -, ) . . N
- REMARKS: "1.. Fire hose had & 2.5-inch nozzle with a l=inch bore.

2. Four men worked simultanéously for 9 minutés.
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) TABLE- E-30
TEST-PLOT DECONTAMINATION DATA
. 24 Jan 1962

| EQUIPMENT __ Fire Hosing .~ SURFACE ___ Packed Snow
Temperature (°F) '

Air 33 Surface. . 28' ~ Contemination Level _10.6 30.7 p.c/%
Median Time of: Deposition Level 41, £t
: —TF—_LO 2

~ Contaminetion _ 131 § ‘Activity Level me/ft2 ,
Decontamination 13%1 Dose Rate to Operator _ O mr/hr -
Time to Decontaminate _12,50 min Operator Time __0.8 men-hours -
_ scANNER DATA
,-Sc,a.ﬁ ) o 6ontémina‘ution' ' Dedr*ntammation : Activity-
ne., " radiation . radiation ~ | removed :
' A . level¥ level* : (%) S '
'#;TEHI T T T T '94;57§f}l?57
2 | - T -t B BN
3 .8 2,81 1. 93k
4 V.3 S 350 ] :92.6'
15 L.2 O hgg 87.6 .
6 b9 | ser | ere
7 _b1.3 : C k2 :89.8
8 we ] . w0 88.6
9 - S AR " 86.0
ao':_ o 32, 7. 1 ﬁ - T7.67 _f - -76.6
' EVERAGE S 3 %2, u - 7:' - l88.9 3.0

* Values are proportional to the radiation intensity.

"REMARKB 1. Fire hose hed & 2,5-inch nozzle with a 1-iach bore.
2., Four men worked simultaneously -for 12,5 minutes,
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 TABLE E-31 )
) . ) A
TEST-PLOT DECONTAMINATION DATA #
25 Jan 192
EQUIPMENT - Ro‘éary Broom Sweeper SURFACE -Packed Snow ,
Temperature (°F) o ' y
Alr _ 37 Burface - 32 Contamination Level 11.5 0.7c/am
Median Time of: . Deposition Level k0.3 428, gn/ ft2__,
Conteminetion 1125 - Activity Level o.E23' _me/ft8
Decortamination ll§% o Dose Rate  to Operator 50 mr/hr
_Time to Decontaminate _1.20 ~mir Operator Time. _. 0.020 man=-hours
SCATNER DATA . - - ,
Scan . ~| Centvamiration Decontemination  Activity - ,
- LO. S radiation rediaticn + remcved . $
: ) . levei* level* S (%) ' $
T | T2 - 7.3 - T 63.3
3 68.3 S S . 86.2
) 153.3 9.8 I T I
5. 52.0 . 223 Costae |
é L9,z 5.3 89.2 E
7 57.6 - 5.0 . 913" - i
8 b b o - e85 -
9 . 7.9 5.5 ' 9.6 o
120 . - 53.6 25" . 95.3 .
’Am GE | 51.9 k.0 ‘ | 79.8 £7.8° i

* Values are prororticnal to the radiation intensity.
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| TABLE E-32

TEST-PLOT DECONTAMINATION DAEA

EQUIPMENT __Motor Grader

18 Jen 1962

_'SUREACE Loose Snow over Packed Snow

Tempereture

CF)

(8econd Decontamination)

Alr -1 Surface __ -5 Contamination Level 9.8 iO 2 pc/gm

Medien Time of:

- Deposition LevelS0.0 <
Conteminetion 1232 - Activity Level O.Eg me /£t2
l .

-Decontamination :
Time to Decontaminate _3.33 min Operator Time __ 0.0 6 nman=hours

_gn/142
.Dose Rate to Operator 10 mr/hr

SCANNER DATA |
8can -~ -| Contemination’ " Decontemination | Activity
| R | TR e
1 38 61 | e38
2 | 33.6 h.32 - . BT "
3 b 181 1 8.0
" . 148.0 | 53
5 1.3 7 3.3k B
-6 B.h 2.64 1 esa
77 b9 2.67 . T 93.6
8 33.9 a3 . ewg
9 31.9° w8 | ek |
lAVERAGE 37.9 #3:2 o 89.5 22,4

. * Valués are proportional to the radiation intensity.

REMARKB . Motor grader was used on this plot after blade snow plow
failed to remove the simulant.

- Decontemination percentages and times are based” only on -

motor. gl‘a.d.;.ug -pluse,
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| TABLE E-33 -

TEST-PLOT DECONTAMINATION DATA . @
6 Jan 1962 - ' i

EQUIPMENT _ Motor Grader ' SURFACE.irLoose Snow over Packed Snow §

Tempersture (°F) . A , R : 3

Alr 18 Surface 20 Contaminstion Level 13.5 #l.0 ue/em A

Median Time of§ ' Deposition Level 50.5 =22.2  am/ft2

. Contemination __1028 - Activity Level o'.327'9 me/ ft2

Decontamination 1113 ~ Dose Rate to Operator _ 30 - mr/hr ] j

Time to Decontaminate 6.00.min Operator Time 0.100  man-hours q

. B - —— - ;

. SCANNER DATA - ‘ ?

Scan _ Contamination . Decontamination |-  Activity g

no. "~ redistion - _radiation - removed - i

, . - levelx . -~ level * (%) 1

1 I 17.2 _ L,27 ] 75.2 ;a

e . 32.0 | el ~ 60.1 ¥
3 39.1 | | 929 1. 6.2

B 38.6 - 1100 : 7.5
5 £3.9 - 15.72. Bz |
6 k5.1 19.39° | 57.0 - :
7 Y . 2106 50,7 '

8 40.0 : 17.37 - 56,6
-9 bi.2 - 19.52 52.6
10 ‘ A B 15.36 63.8
AVERAGE 38.2 4.8 - | ’ - 1 62.8 %5.3

% Values are proporiional to the radiation intensity.

REMARKS: This was the operator'é first experience with. this type of
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TABLE E-3k

«,  TEST-PLOT DECONTAMINATION DATA .

18 Jea 1962

EQUIPMENT Blade ‘Snow Plow
Temperature (°F)

SURFACE _Loose 8Snow over Packed Snow

CAlr -2 . Burface =1 Cohtamihafion"Level' .8 20.2 e/, -
Medisn Time ofs = . — Deposition Level 30. ' gm/fgé—
Contamination llh% Activity Level __ 0,401 me/ £t2
_ Decontamination 33 —_ Dose Rate fo Operator _ 10 mr/nr
Time to Decontaminate 0. min  Operator Time 0.007 man-hours
_ . - SCANNER DATA™ o .
Scan - Contamination Decontaminatlion| . Activity
no. . radiation radiation - removed
: level* level* -~ -} . (%)
1 43.5 k.2 - R
2 52.5 38,1 oL BTk
3 62.1 33.6 461
4 36,4 TN 5.5
5 54.2 w0 | 1.4
6 k3,5 b3 | 5.1
7- 42.9 384 0.5
8 4k.0 e | v ke
9 3.8 33.9 2y
10 L 398 3.9 £ 19.9
rvERAGE 463 b o 15.9 . 47.8

* Values are %roporﬁional to the: radiation intensity.

REMARKS: The "loose” snow was frozen solid. The blade coild not

penetrate the surface.
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TABLE E-35

TEST-PLOT DECON TAMINATION DATA

10 'Jan 1962

EQUIPMENT Motor Grader
Temperature (‘rﬁ—

Adr 1 Burface . 0

Medlan Time-of?

SURFACE Undis‘turbed Snow

Contamination Level 5.9 30,3 po/an
Deposition Level 4 g £13.0 _gn/ft2.

Contemination __ 151k - - Activity Level _ me/ £42
, Decontemination 15 Dose Rate to Operator mr/hr .
Time to Decontaminate _1 Z§ juin Operator Time ' 0.0&¢ men-hours
. _ iSCUUWNER DATL j S
Scan - | . Contamination  Decontamination . Activity |
no. redietion radiation - . removed
_ - level* level* - (%)
1o - 13.2 ) f67.2
2 | 15.9 5.97° | o €25
g . 17.6 7.0 | 59.7
ol 19,0 8.18 © 56.9
5 2502 8.36 6.8
6 e 6.66 '~ 70.0
7 EJ.-3 7.52 4 ' 6.7
8" T 25.9 826 | 68.5
9 . ' 22.7 S 8.k8 62:6 7
o ] - 21.9 7.9 o 63.5
AVERAGE 20.5 2.4 | 4.2 .3

* YVelues are prcpcriional to the radlation in.'tiensity.
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TABIE E-36a _
TEST-PLOT DECONTAMINATION DATA
. 71"' S 7":.30 Dec 1961 '- _ _
EQUIPMENT _ Motor Grader . . SURFACE ' Undisturbed Snow

Temperature (°F) a .
Aty 18 Sarfa"e 19 Contemination Level E .6 3.1 pc/gme

Median Tinme of's -Depogition Level - 1.2 £t
Contamination 1621 Activity. Level 0,507 me/£t2

o Decontamingtion 1645 -Dose Rate to Operator - “mr/hr
Time to Decontaminate 5.00 min Operater Time 0.08 man=-hours
. SCANWER DATA. | — 1
Scan © Contamination | - Aﬁecontamination .7 Activity -
no, - o radiation - - radiation T removed
A B level* level* . (%)
11 T 15.6 b Tz L
e 15.3 - - R T '-
3 21.8- -~ [ 873 | 599
b 2k.3 . oili | 53,5
5 2h.8 - o | 56.8
6 23.0 | SRR TR
7 b | 1108 . sk
8 . 21.9 0.80 | . 552
9. o ede ' 0.6 | 51,5
- JAVERAGE. |  21.h 2.0 ) ] sk #2.6

*__Values are proportioral to the radiation intensity.

REMARKS:. This was. the operatcr 8 fi*st exper*ence with this uype of
“teat.

Appendix E 3 146

L AN N, bt P !

AR en




EQUIPMENT Grader

TABLE E- 36b

-TEST-PLOT DECONTAMINATION DATA (ACROSS PLOT)

30 Dec 1961

Tempersture (°F).

SURFACE Undisturbed ‘Bnow -

' Air 15 Surface 2 o
';'T-Smc_a,h ) ﬁcroht;,a.mina.tion ) "Decqntaxz;inatﬂ:on ' Activity 7
R R e
e - -o-._7o_" 0.51 27.6
I_l'b" 1.28 .58 5h.6°
c - 1.63 69 57.7 -
a 1.68 - 1.11 33.9
e 1.63 ‘ 1.0k 36.0
|t 155 - .56 63.6
g 1.3 9 63.6
n 1.28" 80" 37.8
1 1.55 1.23 20.6
1J l.-7'5 Bk 51.8
X 175 62 : 645
1 12 37 8.y
m 1_1&7 ..-27 - 8l
n 0,70 2 65

‘* Values are proportional‘ﬁ'o' radiation intengity.

REMARKS: 8cans a through n- obta.ined from one middle gean of ta.'ble i

36a

Appendix E

ih7




TABLE E 37a

TEST-PLOT DECONTAMENATION DATA.

18 Jan 1962

EQUIPMENT ﬁ! ade Snow E]QK ) SURI%CE Ihﬁigﬁighﬁd ,ggﬂ

Temperature

“Air _ 2 Surface o__.

(°F)

Medien Time of: -~ = -
Cortamination _ - thO
Decontamination 1510 ..

" ~Depesition.Level -

Contamination Level 9.0 0 3;c/gm
2.7 an/ft2

Activity Level O, 511 me/ £12

Dose Rate to Operator _ 12 mr/hr

Time to Decontaminate 0.33 mir Opérator Time 0.006 manfhoure
_ SCANYER DATA B
Scen Contaminetion Decentemination Activity
ns. radiation rediation removed
- level® - level* (%)

1 390 138 . 970
2 31.6 ';1.3L - 95.6-
3 38.7 1.62. 95.8

i 41,6 1.6 . “96.0
5 38:3 1.95 ok.9

6 - k3.2 177 95.9
T 404 2.00 95.1
8 37. 1.90 9h.9
9 40.8 1.78 195.6
5.9 e .2
WvEraGE 38.6 .0 B | 95.5. %.6

¥ Values are proport;onal to theﬁradieticn1intensity.
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TABLE E-37Tb

TEST-PLOT DECONTAMINATION DATA (SCANNER DATA ACROSS PLOT)

. 18 Jan 1962

- EQUIPMENT Blade Snow Plow

. Temperature (°F)

| SURFACE __Undisturbed Snoiv

Air "2 - Burface __ .0
T BCANNER DATA| B
Scan - -Contamination - Decontaminetion |  Activity
no. - radiation _radiatlon - removed
- level#- level* - (B
Y 1.25 10.19 - 852
b 2,30 17 92.7
¢ 2.82 17 94,0
|4 2.80 A5 b7
e . 2.80 1k 95.2
2 2.75 19 93.1
g 2.68 19 92.9
b 2.3 17 92.9
+ 2.8 .20 93,2
13 3.18 13 96.0
x 3.02 .10 96.8
1 2.80 .10 - 96.6
m 2.80 10 97.1
n 2,58 10 %.9

* Values are proportional to redietion intensity.

RIMARKS: Scani ‘a thro

.

3Ta.i
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- TABLE E-38

‘TEST-PLOT DECONTAMINATION DATA

18 Jan 1962
EQUIPMENT Rota.ry Snow Plow . SURFACE  Undisturbed Snow
Temperature (°F) o ’ , : - i
Adr -1 Surface -2 - Contamination Level 9.1 *2.6 o/ gm
em Tdme ofs - L. an/ £t

Median Time of: . Depositicn Level 53. 1.,
Contemingtion _ 1534 . Activity Level __ 0,183 me/ £t2
‘Decontamination égﬂ Dose Rate to Operator 13 mr/hr
Time to Dewnta.m:lna.t 2,18 min Operater Time O 036 ° man-heurs

7 , scm\rm DATA . 7
" Bcan Contarination N i Deconumnat'on ' Acniviﬁy
no. © rediastiorn ' rediation =~ removed’
: “level* o | - level* . (%)
2 kbl o ka3l 0.2
2. LY A .'6.55 \ ’ - B2.pt
3 - b3k - 6.53 . - 85.0
L La.s 7 " 6.93 - L 83T
-5 33.3 . ' 6.08-“ o 81.7'
6 L0.9 - o7 : 85.L
T 34.9 B - 6.7h . - &0.7
5 5.0 656 | 8.3
9 373 . | T8 8.6
10 32.9 LTS5 .7
AVERAGE 38,1 2.6 . |89 =0

* Values are proporiicral to the radlation intensity.
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TABLE E-39 .

TEST—PLOT DECONT%MENATION DATA

25 Jan 1962

- EQUIPMENT Towed -Scraper
Tenperature (°F)
Air _ 29 Surface g
.Median Time of:
Contamination Q934

Contamination .Level
Deposition Level

Activity Level

SURFACE  Undisturbed Snow

1

6%3'3;_

% Decentaminaticn _1(2)8;__ 5 Dose Rate to Operator _12 mn hr
Time tec Decontaminate _ 1. min Opera'l_:or Time _ 0.02 man_-hours
. o ' SCANNER b_ATA ,
Sean - Cofttamination . Decontamination . Activity
= TR | T | e
S B 208 95.6
s |- e L9 " 96.1
3 .50k - 2.36 - 95.3
Lol e 4.6 %.6
5 57.2 9.32 83.7
6 ' 59.3 9.kis. gh.1
7 52.4 9.79 81.3
*7,8. ' 53.4° 9.88 -81.5
9 | 59.k 10.58. ge.2
1w | g 13.67 72.5
AVERAGE |  5h.0 0.4 | 865 .6

* Values are proportional to the radistion intensity.
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- TABLE E-40

TEST-PLOT DECONTAMINATION DATA

, .17 Jan 1962
 EQUIPMENT _Fire Hosing . - 'SURFACE - Bare Roof
Temperature (°F) S S L
Ar -7 Burfece __ -4 - Contamination Level - ne/ge
Median Time of: . Deposition Level - - e/ L2
Contemination 1430 Activity Level - me /T2

, Decontaminetion ___ 1335 (1-19-62) Dose Rate to Operator 2 _ mr/hr
-Time %o Decontaminate _7.00 min- Operator Time. _ 0.467 man-hours

SCANNER DATA .
“Scan ! éontamination o Deconpaﬁiﬁétion ~ Activity
ro. radlation radlation S removed
S : leveli - . level . - i (%) -
1 %38 =zr/hr | : é3-5 mr/hr- , - hé~4 ' '
2 7 ste : , 26.5 ©hk,3
3 §5.6. . ey | 50.8
4 50.0 ' . 'gg.é ke
.5 8.9 28.0 42,8
6 52.9 © 26 T 3.
T 2,5 o 25.0- | i b2
8 sis .. | 280 8.6
é 7 k1.6 :, . . 28.0 32.7
AVERAGE | 46.8 (X ' | se.0 7.k

. REMARKS: 1. -Surface area was 1000 sqﬁare feet.
7 2. Fire hose had & 1.5-inch nozzle with anO.75-inch'bo?e.’f

3. Four nen worked simultaneously for 7 minﬁtes.

b, Burvey values (scanner date) were wade. with an Everline
E-200 survey meter at a prcbe height of 2.5 feet.,
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 TABLE E-b1

TEST-PLOT DECONTAMINATION DATA

6 Fe\b 1962

EQUIEMENT __ Fire Hosing

. Temperature (°F)
 Ailr 2 . Surface . 1k
" Medign Time of3? :

" Centamirnation l§3O
Decontamination 30

- SURFACE Ba.re Rocf (warm)

Activity Levél.

Contamination Level pc/gm
- Deposition Level

enl £12
- mc/;t

Dose Rate to Operator _ 5 mr/hr -

Time to Decontaminate 3 _min  Operator Time __0.200 .  man-hours.
7 " SCANNER DATA
Scen - | - Contarination Decontemination Activity
rne. <radiation’ rediation removed
, . © level “level (%)
mr/hr . mr/ b
1 2.9k Y 59.2
2 | e 1.6 - 45.6
3 2.k5 1.0 59.2
4 2.20 0.8 . 63.6
5 1.96 0.7 6.3
6 - 1.96 0.5 T
ST 2.75 0.7 7h .6
8  2.50 18 60.0
9 2.5 0.7 72:0
0 © 2.00 0.5 75.0
a1 | 2.00 0.6 70.0
AVERAGE | 2.38 20.63 65.3 £15.0

REMARKS: 1. Surface area was 2000 sfuare feet.
2. Fire hose had & 2.5-inch nezzle with a l-*nch bere.
3. Four men worked simultaneously for 3 minutes.
L. Survey values (scanner data) were made with an
Eberline E-200 survey meter at a prove height of

2. 5 feet.
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TABLE E-b2

TEST- PLOT DECONTAMINATION DATA

o 6 Jan 1962
EQUIPMENT  Fire Hosing “SURFACE __ Bare Roof
Terperature (oF) .
- Alr_ 21 -Surface -2k : Contaninat;on Level pc/gm :
Medien Time of: : ' . Deposition Level , gm/°t2
Contamiration lE3O Activity Level _ . - Te/t2
-Decontaminatior - 1430 - Dosge Rate to Ope*ator , 2 rrfor .-
Time to'Decontaminate 7.75 min Operator Time _ 0,31 man-=hours
B  SCANNER DATA ,
. Scan " Corsamination Decontamination Actlvivy
ne. o rediaticn : radiaticn . removed
S level _ ievel - (%)
' '.mr/g; . , rr/hr T L
2 : J-OJ . 7 35-6 :v- 7O=5
| 2 93 . e k.3 |- 78.0
3" 91 - 50.9 - - ik
L 12¢ . 7 55,9 53.4
5 s . k58 . 56.L
6 315 , 305 73.5
7 235 28.5 . 5.2
8 © 200 - 9.8 - : 80.2
9 o0 W7 R
VERAGE | 105 .17 - ; o 68.5 422.9

REMARKS: 1. BSurface area was 600 square feet.
2. Four men worked sim taneously'for 7.75 mirutes.

- 3. DIlre hose had & 1.5- inch fog'nozzle with an adjusiable
- bore ' : -

W

L, BSurvey vaiues'(scanner data) were made with an Eberline
_E-eOO survey meter et a prove height of 2.5 feet. -
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APPENDIX F

LOGISTICS EXERCISE_ﬁECONTAMINATION DATA -

Figure F-1 shows the two test-ares sectors and the portion
decontaminated by each team. The numbers appeering on tlis figure,

* and on those of the roofs and intériors of the bulldings (figures F-2

~through F-6), indicate the effectiveness of the decontamination
operations. These numbers_also apbear in tables F-1 through F-16
along with the contamination ‘and decontamination readings from whiech
.they were derived: :

Decontamination Read ng
% Activity Remaining = Contamination Reading x 100

The locations of the numbers on the figures approximate those where
the instrument readings were made. .

T




TEAM A

TEAM B

VFIOUII P-1 PllClNi‘ ACTIVITY RIMAINING ON GROUND
- COMPLEX AFTER DECONTAMINATION '

ROW
. 8
A P11 46 61 23 13 2:; 69 52 83f
B |31 26 356 , w6k
[] [} . -°, 507 [} ] -]
¢ hos s5 24 36 18 15 3k 3% 64
-9 6 [] a e [} L] ] o
D |42 89 . 61 26 25 26 18
-] N L] [] [ ] -] - o -] (-] [] -]
6 » ]
. ? 7: 506 82 ’9 [ ]
F b1 108 18 - 18 i2 100 3% .46 134
_——t_ oo bt adLs
= o - - -
SRR T TR TR TR R
B s08 noal,
I k9 07 6 20 16 - 14 . 18 .36 61
-] -] o [] [ ] o -] -] -]
J-|118 42 16 1k 16 11 26,7 38 72
o [ L] [} (-] -] -] o -] []
K o 86 98
’M _ [ ] o [']
12 2 32 571,
Sector |
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" NPC 16,606

FRONT

BUILDING 506
BOTTOM | 22 23 20 19 20 - 21 16 20 19 24 23
¥ 207 14 19 16 14 13 13 W 13 17 2l
TOP W—w = 7 2 = ' = =
17 3. 016 17 16 17 ox 21 13 16 18
K " 3 5 ' 3. 20 18 - a2 22
BOTTOM 21 22 , ?, 15 . 23 2 : “ xr -

 BUILDING 605 -

BOTTOM .| 18 '1u7 17. 35 15 16 3 15 23 17 17

- FRONT .

TOP === —
15 12 15

N
ol

W 15 15 6 18 19 &5

\ 12 1 1 1 157 1 15" 18 21 2 28
potToM | % 3- 3 5 5 5  > ) 3

o« Diked W0 0V IR 020

Dl

) IIGURI k2 PERCENT ACTIVITY RIMAININO ON ROOFS
AFTER DICONTAMINATIONI SECTOR |
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 NPC 16407

I

" BUILDING 516"

FRONT

18 23 19 23 23 2¢ 20 19 22 20 22 18

18 22719 15 16 20 16 18 16 16 17 13

21 26 26 .22 . 16 28 g2 22 22 21 22 2

BUILDING 517 -

5

FRONT

.22 16 20 26 21 18 15 15 14 11 12 10 9

20 23 20 23 18 18 21 19 - 24 21 21 21 19

i7 1916 17 14 13 14 14 15 12 11 11 10

17 20 8 14 16 15 21 18 18 13. I8 16 12

Appendix F

FIGURE F-3 PERCENT ACTIVITY REMAINING ON ROOFS
AFTER DECONTAMINATION: SECTOR II
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FRONT

TOP FLOOR

BOTTOM FLOOR

FIGURE F-4 PERCENT RADIATION REMAINING INSIDE -

BUILDINGS AFTER ROOF DE
SECTOR | '
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CONTAMINATION:

NPC 16,608
. - BUILDING 507
, 87 73 - 98 93
- N | 7 s ,_ ) .
88 81 100 - 79 g 9 - 97 92 92 - .160
100 77 oot | Jice T 1Cs: 09
" TOP FLOOR" BOTTOM FLOOR
17 .
88 112 - 78 91
| o ] \ e
BULDING 506  [%2 - - & e
s oy 57
— Iz
28]
7 |95 79 " ik
- BUILDING 505 75 6L 62 g
121 - 87 75 2.
- .
, BUILDING 504
105 130 116 Li21 g2 147 155 155
93 1c6 .06 5 | o 163 103" g
. g : e
106 88 106 . ll12 171 112 138" —
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. FRONT

" NPC 16,609
BUILDING 507
. 49 70 _ 37 51
L2 Cosi b 69| |w 45wy 29 70
38 - 36 T 58 B 7 36 -1
_ TOP FLOOR ’ - ~ . BOTTOM FLOOR
) , 394 . 31 29 - 36 :
. BUILDING 506 |30 T2 . 39 %-
51 36 - -

3B ,
7 REES A 18 _
© BUILDING 505 | 33 32 . 58 'é
e - 53 '
' L EE]
_ , BUILDING 504
51 B4 77 ER BO . 57 I i
- 67 67 g 4y 8 83 g
50 67 - 100 - 83 4k 50 77 _ :

FIGURE -5  PERCENT RADIATION REMAINING INSIDE
.. - BUILDINGS AFTER ROOF AND GROUND
DICONTAMINATION: SECTOR |
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NPC 16,610
, ) BULDING 514
037 41 33 37 33 - | 3¢ 43 19 22 21
:g o @ 18 g : '
4 2i 1 20| O 17 24 21 19
gl _ F
23 20 - :8 - 20 . 24 17 13
TOP FLOOR BOTTOM FLOOR
5 15 caw a7 22 18"
BUILDING 516 g 26 18 19 1
' 36 17 . 16 |
' =] -
{15 31 15 12
, g - '
BUILDING 517 2 , 20 18 15
& 7 ,
25 21 i9 25 23
BUILDING 518
=R 18 18 [0 21 218 2. 19
g 24 15 | 15 12 g 20 19 . 114 15
30 15 - 13 11 - 13 . 10 1l
“TOP FLOOR BOTTOM FLOOR
FIGURE F-6 PERCENT RADIATION REMAINING INSIDE
~ BUILDINGS AFTER ROOF AND GROUND
_ _DECONTAMINATION: SECTOR i
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TABLE F-5
LOGISTICS EXERCISE DECONTAMINATION DATA

: SECTOR I
Building 506*-'Roof_ " Team A
Time of Measurements . Temperature 130F

Contamination 1420 ‘Man-hours/1000 ft2 ____ 0,93

- L J%ﬁfsez M
Decontaminatlion__ 1650 | e R Time to Decontaminate go min

Instrument Data“

i T

Activity Remaining (Avg =

*Rdor decontaminated by sweeping.

\ e T T : S —
Contami- i Decontami~ - [-- Contami~ ;, Decontami- ;.. %
nation nation = | Activity | nation - nation. Aotivity

L;ﬁmr/hr) | (mz/hr) Remaihing* i (mr/np) | (mr/hr) | Remaining!
Bast Side: Top Row : West Side: Top Row . -
19.0 |' 4.0’ ! 21 . 21,0 : 3.7 | 18
21.0 ; 3.5 S Y r 21.5 i 3.5 .. ! 16
23.0 I 3.5 | 15 r 25,5 : 3.3 | 13
21.0 - 3.0 i 1 15.9 3.3 21
i 23.5 : 3.0 13 X ; 3.3 | X
i23.5 1 . 3.0 P 19.0 . . 33 17
i 19.0 P2.7 o 1 - 19,0 : 3.0 16
P16.5 2.7 i 16 © 15,8 oo 2.7 17
i 17.8 " - 3.3 : 19 15.8 ! 2.5 - 16
i 17.8 2.5 1] 19,0 1 2.5 13
| East Side: Bottom Row v © "West. Slde: Bottom Row
' 19,5 ; 4,5 ; 23 15.8 ! E.o 32
©o17.8 4.3 P2k . 19.2 " 4.3 22
i 210 5 b,0 i 19 g x - x - X
S 17,2 3.5 i 20 22,2 [ 4o . 18
| 25,6 4,0 716 22,2 : 4,5 i 20
P16,5 3.5 ] 21 '12.8 I 3.7 23
17,2 3.5 20 s 33 | 23
Poo17.2 ! 3.3 19 22,2 3.3- i - 15
16.5 i 3.3 ) 20 15,8 3.7 ' 23
L 15, 8 | 35 | 22 _ 5.8 |- 3.3 21
i_—. PR T . |'| e e are o cemm——
i 18% |

w

H Activity Remaining (Avg) = 19%

#»Meoasurements 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
LOGISTIGS EXERCISE DECONTAMINATION DATA
SECTOR I T _
Building 505*— Roof ';, ‘ o Team B
Time of Measurements I ' Temperature C 1908 ¢ \
- Contamination 1450 (31 Jan 62) Man-hours/1000 f£t2 1,05 ;
Decontamination_ 1510 (1 Feb 62). -  Time to Decontaminate ;ﬁz_glg_____ :
[ ) Instrument Data*# ) i
Contami- | Decontami- | K Contami-_i Decontami- | % : 1
nation | nation o Activity |i ‘nation nation | Activity 3
(me/nr) | mr/hr | Remaining?- {mr/ne) | (mr/hr) _l Remaining i
' East Side: Top Row | . West Side: Top Row 3
e S | R A S e — v
22,2 ! 4.0 : 10 P 19.6 u;7, ' 2l i
19.0 } 3.0 16 glr-,ls.g 4,0 25 o
1 50' . L ”' 205 i l - || 17- 303 | : 1 ::
18.3 .7 2.5 1 ;17,0 ¢ 3.0 ! 1 ;
19.0 | 2.3 ; 12 - i 17.0 2,7 16
12,5 . 2.0 i 16 i 16.4 2,5 . 1
12.5 | 2.0 ; 16 16,4 2.5 ! 1
12,5, 2.0 L 16 - T 1644 2.5 | 15 L
13.1 2.0 15 - i 17.0 2.0 i 12 2
137 2,37 | 1w ] Imio 25 | 15 ;
East Side: Bottom Row [ West Side Bottom Row ;
21.6 | - 3.7 . 1T 17,7 5.0 | 28 i
15.7 i 2.7 17 16.4 i 3.7 i 23
1.1 2.5 23 16,4 3.5 : 21
16.4 T 2.5 15 ! lg.l i 3.1 ; 18
19.6 <1 2.5 1 183 | . &7 .15
.y 2,3 - 18 163 I 2 b5
13,1 i 2.0 15 ! 16.3 . 2.5 15
13.1 ; 2,0 15 Y S 2.5 : 15
13.8 . 25‘3’7 17 "ig 1 .6 I 2.3 ) 13
13.8 2.0 14 ro.18.3 2.3 ! 13
13.8 205 18 w7 | =23 | 1
Activit; Remaining (Avs) . 16% v ‘ Activity Remaining (Avg) . 17%

" *Roof decontaminated by sweeping.

##Measurements taken 3 feet above surface with an Eberline E-2OOA '
radiation meter. All measuremehts oorreoted for decay. :

f See Figure F-2 for geographic location of readings.
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] TABLE F-7 ,
LOGISTICS EXERCISE DECONTAMINATION DATA
S ) " SECTOR 11 - o
" Building 516*- Roof N : ] B : ) Team A
Time of Measurements ' - Temperature 260F o
Contamination 1314% SI-Feb 62;' - Man=hours/1000 ft2 1, (&
. Decontamination_ 1 . Feo , Time to Decontaminate _57 m
o - Instrument Data*# 4
S S S S - B | _
-Contami~ | Decontami- ! % ! COntami- : Decontami--. % -
nation °: nation i Aotivity - - nation ! nation - | ‘Aetivity
(mr/hr) . (mr/hr) , Remainingt | " (mr/hr) i (mr/hr) e RemainingT
’,.f—-._..»--.v B . - . . i . . . RN /—v-—_

East Side: Top Row West Side Top Row

e oo e oo . - SR P
12,5 | 2.3 18 o1z 2.3 18
10.6 . 2,3 | 22 .9, 2,0 ! a2
10.3 | 2.0 : 19 | 10.0 2.0 | 20
1.2 - |- 1.7 P15 i 9.4 2.5 - 27
10.3 ; 1.6 i 16 bo1l,9 1.6 l 213
10.0 i 2,0 ~ | 20 i 10.6 1.5 1k

9.4 - 1,5 - 16 i 10,0 1.7 ! 17
9-7 ' ,_!. 117 ! g 18 ‘ 11-6 2.0 | 17
10,0 -1 1.6 (o016 - 10.3 2.3° 22
9.7 1.6 b6 -* 11,0 23 | 21
10,0 ;L7 LT 10,3 2.0 | 19
"11.3 L 15 i 13 o150 - 2.3 | 15 -
st 31de. ‘Bottom Row e West Side: Bottom Row
12.5 2.3 .18 ik 11.9 2.5 21
10.0 2.3 23 i 8.7 2,3 26
10.6 2 2.3 , 22 : 9.1 2,0 22
10.0 | 2.3° \ 23 i 17.5 2.8 16
9.7 ; 1.9 20 . 10,3 | 2,5 24
10.0 2.0 20 . 10.6 2.3 22
10.0 1.9 19 L 10,6 2.3 i 22
10.0 2.0 ! 20 L 10.6 ; 2.5 ‘ 2l
10.6 . 2.3 i 22 i 11.3 | a.g, : 22 .
12,8 1 2.3 : 18 11,9 | 28. 1 ok .
Activity Remaining (Avg) s 19% d Activity Remaining (Avg) = 21%

“*Roof decontaminated by sweeping.

**Measurements teken 3 feet above surface with an Eberline E—200A
radiation meter. All measurements corrected for dacay,

t See Figure F-3 for geographic location of readings.
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TABLE.F- 8
LOGISTICS EXERCISE DECONTAMINATION DATA
CL SECTOR II . .
Building 517*- Roof : ] ST Team B
Time of Measuremeptsd N o Temperaﬁure " pgOR
Contamination 1410 (1 Feb 62; © Man=hours/1000 ft2 1.48
Decontamination Ii§U = Feb. . Time to Decontaminate 80 min -
) 'Inétfumenﬁ'nata**
Contami- ; Decontami- I % ﬁ Contami- Decontami; | %
nation ' nation CActivity - s nation - nation Activity
(mr/hr) ! (mr/hr) ’ Remaining* 4, (mr/hr)'i {mr/nr) Remaining?
. : | : LA D Tt
| .
e East Side- Top Row. ﬂ West Side: Top Row
. ‘l.l‘-l . e __:’;.. e e e e s meenaas " .
£0.9 ‘ ,_1.9 i 17 8 15 1.9 ; 17
10.3 2.0 | 19 ) ,F- 10.0 1 - 2,0 i 20
10.3 - \ 1.6 | 16 ; 10.0 ! 1.8 .18
10.0 | 1.7 - 17 o 10,0. 1.4 | 14
11.2 : 1.6~ | .1 10,3 1.6 P 16
10.6 “1.4 i 13 . H 11.3 1.7 . 15
10,9 ' 1,5 - 1 we 11,9 2,5 i 21
10.3 : 1.4 14 i 10.9 - 2,0 ' 18
9.4 . 1.4 15 ! 10.9 2.0 . + -18
1.9 1.4 12- ! 12,2 2.3 ; 1
l2.2 : 1.3 - 11 k3 11.3 - 2,0 1
12,2, i 1.3 - 11 o 12. 2 2.0 16
14,4 i 1.5 | 10 N 14 F 1.7 12
T L b T N :
East Side: Bottom Row L _West Side: Bottom Row
10.6 ;2.3 Y T 2.3 | - 20
10.3 1.6 T 16 i . 0,0 2,3 . L 23
6.9 1.4 j 11,3 S 2,3 i
6.9 1.8 ; 26 ! 10,0 2,3 ; eg
7.5 1.6 ; 21 10.9 . 2,0
10.3 1.9 . 18 11:3 2,0 ! :
10.9 | 1.6 , 15 : 10.9 2,3 21
- 10.6 P 1.6 15 i 10.6 "2.0 L 19
11,3 : 1.6 - 14 - 10.6 2.5 ¥ 2k
12.2 ! 1.4 11 : 10.9 2.3 . | 21
12.5 1.5 12 3 10.9 2.3 - | 21
13.8 1.4 ' 10 P9, 7 _ 2.0 21.
17.5 ' 1.5 S 9 ﬂ 13,1 ; - 2.5 L 13 -
| Activity Remaining (Avs) 15% i Activity Remaining (Avg)  19%
PR s e o e e e e —
. *Roof decontaminated by sweeping.
##Measurements teken 3 feet above surfase with an Eberline E-200A
radiation meter. All readings corrected for decay. -
+ See Figure Fe3'for-geogrdph;c location of readings.
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TABRLE F- 9
LOGISTICS EXERCISE DECONTAMINATION DATA

Building 507% - Int-erior - o Team A
Tite of Measurementg** ' ' o '_ o
Contaminated Rodf & Ground 0835 ( 1 Feb 62) j L Temgeratures

Decontaminated Roof &

Contaminated Ground ,---nog' (1 Feb 62;  Decon, Roof____ OOF
Decontaminated Roof & Groun ) Deoon Groun a IEUF

Contaminated! i Decontaminated Roof &
Roof & Oround | Contaminated Ground
p-—— e e s e -..-:r” - -
Radiation Level : - Radiation Level ] Residual
(mr/ B (mr/hr) | Radiation (%)
TrememETet e oo N I T T T
Walls ; Center ': Wa_lla ! center 'l Walls | Center |
°'§f .6 : 2.0 i E.o 3.5 |87 0
g3l 58 | b3 o 58 1 35 100 1
Bl 6.2 - 400 & 4.8 4 3.5 7g 88
6.7 | 8- D :
FEEp— . o . LRS- ‘I: - i e et v e
Pl ! ; N
g w3 | ous I uo | usg "9 | 100
HE A
f ! . . i . I . E .
- h‘. 6.7 | 39 | 63 i35 1 99 | %
Contaminatedt . Decontaminated Roof & . % |
Roof & Ground & - Dagoptaminated Ground " ]
‘Radiation Level | Radiation Level | _ Residusl
(mr/hr) i (mr-/hr) . Radiation (5)
B e .14’,.-, - - o o e fer
Walls | Center Walls ! Center Walls ! Center
R T I, N SO ! - SR e need
13 '5 1 g'! 3.0 i 3.5 | 70 69 -
a8l 41 | k5 i 20 i 2.0 | Ag i
Fel 5,2 1 3.9 i 2.0 4 2.0 38 51
Bl 5.5 i 3.6 i 2.0 i 1.5 36 42
6.0 1 i35 - 58
e |39 1 43 b 20 3.0 51 .| 70
oul 4.1 " |--3.4 1.5 1.0 - 37 29
I TR A A S
5 5. -3 2.0 1 1.5 3 o
[ ISR S SR ! L B e

"*Roof decontaminated by hosing.

**Measurements talken 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 F-10

LOGISTICS EXERCISE DECONTAMINATION DATA

Building 506% - interior :

Time of Measurements**, o

SECTOR I =~

Contaminated-Roof & Ground 0835,(1 Feb 62)
Decontéminated Rool & -

1105 (1 Feb 62)

Team A

Tempepatures -

Decon,

Roof . O9F -

" Qontaminated Ground.

.Decontaminated Roof & Ground__1715 (1 Feb 62) Decon, Ground 120F
Contaminateat } Deoontaminatad Roof & ]
Roof & Ground | Contaminated Ground i

- Radiation Level | Radiation Level 1 Residual o
(mr/nr) : (mp/nr) - | Radiation (%)
y - E2 1
 Walls | Center [ Walls | Center | Walls Center
oo 1 . \ L ‘:~»> s
7.7 7.2 ‘ 7.0 6.0 91 - | . 8%
7.7 7.7 || 6.0 5.0 78 .65
T.2° A - N : 111
7.2 ','6!8 88
7.7 "8, 114
T.7 g.O 117
1.7 14,0 182. .
5.3 3.0 57
" conteminatedt 1 Decontaminated Roof. & 0
Roof & QGround . | Contaminated Ground
Radiation Level .| Radiation Level Residual
- (mp/hr) (mr/hr) Radiation (%)
valls | Center || Wails | enter | Walls | Center |
6.9 | 6.4 2.5 | 2.5 | 36 39 .
6.9 6.9 2.0 2.0 29 - 29
6.2 6.0 2.5 | 3.0 36 50
6.4 P 2.5 39
6.9 i 3.5 51
669 50 0 ¥ 72
S0 4.7 _ 1.5 % 32
. -;.‘u_..._..:...._ U U S ,.f. S0 o ST |

*Roof deoontaminated by aweeping.
##Measurements taken .3 feet above floor with an Eberline Model. E-200A

radiation meter.

t+ Value at time degontamination readings were taken.

Appepdix F
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'TABLE_F411
LOGISTICS EXERCISE DECONTAMINATION DATA’

L : SECTOR I = _
-Bullding 505* - Interior ’ _ ) . Team B
Time of Meaaurements*i._ ' ) ' 7
Contaminated Roof & Ground 0835 (1 Feb 62) : Teméérabuﬁea
Decontaminated Roof & - s
Contaminated Ground 1105 (1.Feb 62 Deaon. Roof QOF
Decontaminated Roof & Oroun (1 Fe h2 ) Decon. Ground 120?
Contaminatedt , ;Deoontaminate& Roof. &
_Roof & Ground | ' Contaminated Oround . " |
" Radlation Levél Radiation Level ':' . Residual .
“ (mr/hr) i (mp/hr) ' Radiation (%)
foull ol e e
| Walls | Center || Walls | Center : Walls J Oenter
6. 5.8 ' 2,8 | 3.6 . u . 62
5.8 | 5.3 ¢ .12.0 3.4 207 64
6.3 | 6.7 & 5.0 5.0 79 75"
5.8 | S 5.5 . 95 :
7.0 o 8.5 121
6.3 . | 53 87
5.3 -4 6.5 123
-5.3 : . 4.0 75
| IOV SRS ORISR | B s P
B Contaminated® |i " Decontaminated Roof & |
Roof & Ground p . Decontaminated Ground
e ekt I . e ]
Radiation Level | Radiation Level T Residual
- (mp/hr) ! (mr/hr) :  Rediation (%)
1 ! 1
Walls i Center } Walls " | Center ! - Walls ! Center -
I ) 1 N v !
5.6 1. 5.2 1,0 3.0 |, 18 | 58
5.2 I b7 i 2.0 is ., 38 | 32
5.6.+ 6,0 I 1.5 2.0 i 27 .33
5.2 1 o5 | i 2 L
6.2 I i 1,5 P2 '
E. | s 2.0 36 |
4.7 ' ] 2.0 43
6.0 | l 2.5 42 .

*Roof decontaminated by sweeping. )
*#Measurements taken 3 feet abéve floor with an Eberline Model Eaaoon
radiation meter., Oce Flgures F-U4 and F-5 for location of readings.
t Value at time’ decontamination readings were taken.
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TABLE P-12
. LOGISTICS EXERGISE DECONTAMINATION DATA

. o SECTOR I

Building 504* - Interior. o L R . Team B
Time of Measurements*® _ )
'Contaminated Roof -& Ground 0835,(1 Feb 62) o ) Tmngerature

Decontaminated Roof &
Contaminated Ground

~Deson, Roof QOR

Decontamindted Roof & Ground Decon. Groun
“Contaminated’ . Decontaminated Roof &
Roof & Ground . Contaminated Ground
Radiation Level | Radiation Level - Residual
(mr/hr) ”;.m_l,““; (mr/hr) . Rediation (%)
'Walle Center Walls Center Walls Center
.3 | 3.4 | 5.2 3.6 121 | 106
g' 4,3 . 3.4 ) 5.0 3.6 116 106
ol 4.3 4,3 : 2.6 .0 130 93
k] u.g,. 5| 105 |
2l 3y "3.6 106
3.4 3.8 112
g 2.9 3.4 4.5 3.5 .| 155 | 103
=1 3.4 3.9 5.0 - 3.5 147 .90
[+} 3;8 605 171 el
£ 3.4 3,8 112"
]l 2.9 4.0 138,

*Roof decontaminated by hoeing.
#*Megsurements taken 3 feet above floor with -an Eberline Model E-200A
radiation meter. See Figures F-4 and F-5 for location of ‘readings.
+ Value at time decontamination readings were taken,
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- TABLE F-12 (cont'd) -

{LOGISTICS EXERCISE DECONTAMINATION DATA. .
-~ SECTOR I '

Building 50U*% - Interfor

' Team B

Contaminated? | ‘Decontaminated Roof &
| Roof & Ground |  Decontaminated Ground
Radiation Level | Radiation Level |  Residual
(mr/hr) ' (mr/hr) - | Radiation’ (%).
(Walls | Center | Walls Center Walls | Center
3.9 3.0 | 3.5 2.0 - 90 67
| g 3.9 3.9 2.5 1,5 6. - 3
4 ~| 3.9 2.0 , 51
’ =] 3.0 1.5 - 50 :
ol 3.0 2,0 | BT
el 3.0 3.0 1100 -
.| 2.6 3.0 2.0 “2.5 77 83
8 2.6 ~ 2.6 2.0 1.5 77 - 58 ¢
m 3,0 1.5 ' . 50
g | 3.4 1.5 -4y
af 3.0 L 1.5 50 |
b 2.6 NG 77 |
8 b
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- TABLE F-13
LOGISTICS EXERCISE DECONTAMINATION DATA

) SECTOR II | _
Building'BIU* = Interior . ‘ o ' R Team A
Time of Measuremenbs** - -
Contaminated Ground 1745 (1 Feb 62) . Temperature 260F
Decontaminated Ground 1715 (2 Feb 62) , o

' T
o - U . . i
.Congigigg§ed "ﬁ' Decontaminated Ground
lRadiatign Level ﬂ Radiation Level " Residual
(mr/hr) i (mr/hr) |._ Radiation %) _1
Walls | Center | Walls Cénter Walls Center
! : 1 . .
6.6 5.0 | 1.5 1.2 '23,'4 24
¢| 6.6 .0 I 1.2 0.7 18 1 18
Sl 2.7 ' L 0.9 33
el 3.3 o1 | 33
Bl 2.7 1.1 IS
2.7 . 1.0 37 i
6.3 5.3 L 1.5 0.9 - 1T A | A
t! 6,6 3.3 P11 0.8 17 24
81 8.0 4.3 1.0 ¢ 0.9 13 . 21
miB.3 5.3 f1,1 1 1.0 21 19
4.6 L 1,0 22 o
&l 5.3 . 1.0 19
8l 2.3 | 1.0 43
gl 2.3 . 0.9 39 .
S S oo

- #*Roof was not ocontaminated.

##Measurements taken 3 feet above floor with an Eberline
Model E-200A radiation meter. See Figure F-6 - for location
of ﬁeadings. ,

1'V‘a.lt.te at time deconbamination readings ‘were taken.
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_TABLE F-lu

LOGISTIGS EXERCISE DECONTAMINATION DATA

‘Bullding 516% - Interior

Time of Measurementa**

Contaminated Roof & Groun
Decontaminated Roof & Groun

o

Contamiﬁaééd*'-d‘.
Roof & Ground
Rad%;gjgg)Levgl
Walls | Center
3.3 5.9
¥ 5.9 5.5
! 7.3 5—‘3,7;8
br.8
LT.8
1 65
‘ b2
!’ 6.5

SECTOR II

d_ 174

1 Feb 62 Temperature
d IEZé [Z Feb g?) oo .

Team A

Deoontaminated’ﬂoof & Ground

Radiation Level
(mr/hr)

Walls"L
1.2 1.2

1.0
1.0

1,1

1.0
2.2
1.2
1.3
L5
1.7 |

1.1

1.0 .

1.0

*Roof decontaminated by sweeping,
**Measurements taken -3 feet above floor with an Eberline

Model E-200A radiation meter.

of readings.

Center

See Figure F-6

_Mmgggi:éggil(%)
Walls | Center |
36, | 2o

17-," .18
| 19
16 14
17
18
22
17
.2k o
g Q-

fValue at time decontamination readings were:taken.
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| TABLE F-15 S - ..!
LOGISTICS EXERCISE DECONTAMINATION DATA- é
- 'SECTOR II

-Buildigg,5l7*'- Inéerior ; L ' }3' o  _ ' Team B -

" Time of Measurements*#*

Contaminated Ground 1745 (1 Feb 62) R Temperature - 260F
Dedontaminated Ground__ 1825 (2 Feb 62) = . - S

P e

[ " T —
~ponteminated Decontaminated Roof & Ground .

b emea i ey PR —

Radiation Level- | Radiation Level Residual
L (mrar) 40 (mr/be) | Radiation (%)

_Walls | Center | Walls | Center | Walls | Center|

52, |45 - 1.3 | 09 25 | 20 |. |
39 lss | o8 |10 [ a2 | 1 | 1
52 | 65 | no- | 10 | 19 | 15 |

5.9 s | | =5 |

| 6.5 | 15 | - 23

8.5 I 10 f 12 _

6.5 | 1 10 obas | " -

26 1+ los | | =

e 10 15

*Roof dedontaminated by sweeping.

*%Measurements taken 3 feet above floor with an Everline
Model E-200A radiation meter. See Figure F-6 for location
of readings, e . o

*value at time decontamination readings -weretaken.
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TABLE F-16
LOGISTICS EXERGISE DEGONTAMINATION DATA

__#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 readings,

: fvalue at time decontamination readings were taken.

~ Appendix F - ,
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_, , , SEQTOR II
Building 518*% - Interior - Team B
Time of Measurements** _ N 7
Contaminated Ground 1745 (1 Feb 62) . o Temperature _ 26°F
Decontamindted Ground__1825 (2 Feb 62) - T
. ,,_.,--4‘..:,.,__-_- e T e s e
) —??ngggaggted Deoontaminated Ground 7
Radiation Level Radiation Level Residual
, (mr/hr)‘ _ (mr/hr) - Radiation (%) 7
Wills | Center Walls Center | Walls | Center
3.3 4,5 1,0 1.1 30 24 | .
L 3.3 l 3.3 - 0.5 0.5 - | 15 {15
PR ST T 05 | 13 | 18 -
~ 4.5 | ;0.8 18 o
P390 ! o.g 18
[ &1 3.9 - 0, 21
= »3.9 . t 0,8 21
. ) - i :
o b 5 o , '
g 4.5 Lo6.5 F 0.6 1.3 13 20
gl ko 286 I 05 0.5 10 1
S0 7.2 3.5 | 0.8 0.5 11 1
Pmis2 ) 55 1 1.0 0.8 19 |15
g 3.9 - 0.8 - 21 |
| £ 3.3 : I 0.6 , 18
& § - 3.9 ' i . 0.8 .21 i
| UUR ST UPTRE S U I I o




APFENDIX 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 fellout. The extent of the migration was then determined.
by comparing the criginal concentration on the rlot with the concen-~ -

trations of-Liquifluor measured at various depths, both on the plot
and dowvnwind from it. ’

The instrument used to measure the Liguifluor concentrations
wag the fluorometer. This instrument, which 1is sensitive to the amount
of fluorescence of & materlal, was calibrated by measurihg the output
in ppamps of four known concentrations of Liguifiucr in toluene (see
figure G-1). The volume in each case was 14 ml.

The method of taking samples and’ preparing them for the
fiuorometer measurements 1s described in Section 4.L, In the tables
following, the origina> Liquifiuor concentretion (before migration)
18 nocted above the tabulated data.. For each sample, the fluorometer-
reading, its corresponding Ligquifiuor ccneentration, ani the percent:

of criginal concentreticn are given. The numbers in parentheses are
the powers of 10. ’ : . : : :
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APPENDIX H

ANALYSIS CF DATA

H-1. Percentage Decontemination of Test Plots.

Test-plbt radistion measurements were taken with deteétion -
and asscciated electronic equipment which converted the radiation
intensity at the detectlon elemant directly into -electric current of

. about 100 micromicroamperes. In this system, the current readout was -
directly proporticnal to the radiation intensity, which allowed calcula-

tion of deconteminaticn percentages from current measurements without

resorting to conversion of electrical current into radiation intensity
units

Each test plot wes scarnned across its 2C-foot .dimension at

‘L0=foot intervais. The current measurement was recorded on an X-Y re-
. corder versus the detectdr's reletive position over the test plot. A

set of measurément scang were taken before and after decontamination
with each of the scan positions being the same for eath set. Prior to

each teat, background measurements were taken.

_ "he area cf the recorded trace’of current versus detector
rosition of each scan was measured with a planimeter, and the corres-
vonding sres of -the background measurement was subtracted. The result
is ah integreted factor which is proportional function of the average
rediation intensity acroBs the test piot.

"The percentages of decontamination given in this report are
aefined by the eqpation :

I, I, , . '
% Decontamination = ~2=—=% (100) . (1)

where .

I

. = tadlation intensity of contaminated area

I redlation intensity cf decontamiﬁate& area

Since the factors obtained “rom field mewsurements are directly. propor-

ticnal tc the radiation intensities, the rercentages of decontamination
of the rvorticn of the test plot under each’'scan may be calculated by

F, - F o T Fg 7,
7~ De'-cntaminat.wn - ( —°T—‘ )(mo; = [ 1- B—f- ] (o) =D (2)
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vhere

=
n

o 1ntegrated factor of scan over *ontaminated plot
less background

Fy

integratea factor of scan over- decontaminatea 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 graphe, presented in
tables E-1 through E-42

. The average percentage of decontamination was caxculated
in the usua; way by taxing the arithmetic meen, which is |

N
7.:! ) ) - v z"Dk - . . . -'
Average % decontamination =3;F—¥ ot (3)

where

Dk percentage of aecontamination cf the x‘“ gean
nosition

N = number of scan positions in set

- The variances of the percenteges of decontamination about
thelr average may aisc be estimated for the date. Since each scan
sosition percentage is independent .cf other positions, and highly
dependent upon ccntaminant ievel in the immediste vicinity of 1ts
pesiticn, the variation in decontemination percentages would refledt
primerily the variation in decontamination effectiveness end not
varlation in the criginel contaminaticn level. This supposition is
enhanced by the facts that (1) the detection element wus shielded with
e collimator, and (2) the basic data are integrated values over 20-foot
lengths. It must be assumed that variation in deccntamination effect-

iveness 1s independent of gonteminant mass level ‘over the mmss level-
ranges used in the tests.

In the tabulated data, & confidence'interval is-gi#en for

each average percentage of decontemination. .. This interval 1s based on

a 90% confidence level, and is & 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 variations of decontaminaticn cffcetiveness, was probably small.

Therefore, the presented confidence intervals will represent the range
of decontamination percentage about the calculatea avereage which WilL
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have a probability Qf 0.9 of containing the true percentages. The-
confidence intervals were calculated with the following egquations:

. (¥n P
R L ks | (ke)
S =& (N-l) - - 8
= ts.
c.I iﬁ (kb)

where
5 = Standard-devi&tion
C.1: = éonfidence *ntervalh

. : D2 = summation of squares of each scan decontamination
S percentage

v , o L
% Dy = summation of -scan decontamination percentage’

N = number of scans in set-

[ 2
n

student's t statistic

The standard aeviation is @ivided by the 4 ¥ for the deter-

minetion of the confidence interval as each scan's decontamination”
_ percentage is an average statistic, ailowing use of the t statistic.

- The vglues of t for sample sizes of 5 to 11 at & 90% confidence levei_

are:

Number of scans a ' Percentéggg of t distribution

2,132
2.015
1.643
1.895
1.860
1

ot v
' 0\ -1 0
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In test data, when single point messurements were taken,
such as roof radiation messurements and sand activity and weight,:
the confidence intervals were determined by using the equation:

Confidence interval = £1.645 S o “(5)

H-2.. . Regression Analyses of Peroenﬁ;ge Decontamination.

In addition to the analyses designed to determine the amount
of decontamination affected in each of the various tests, 1t 1s also
of velue to determine the movement, if any, of the contamipation over
the test plot as it 18 belng decontaminated. Regression analyses were
performed on the 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 thet the response of

experimental measurements 18 & function of some controlled independent

variable. A mathematicel model 1s so constructed and then tested for

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 regressicn anslyses of this report, the depenaence of
the decontamination percentages on the gcan pesition is .determined.
Such analyses can be conducted only where the direction of the decons
tamination operation is the same for the entire width of the test plot.
Such procédure was used in the field tests for the motor grader, blaue
and rotary snow plows, towed scraper, and fire hosing.

The procedure for regression analyeie begins by calculating
the slope of the curve (assumed to be a straight 1line) 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 & least squares line. The second
step 1s to determine the significance of the caleulated slope, which -
is actually testing the dependence of the percentage of decontamination
on the position.. Regression analyses of this type 1s based on the t
gtatistic, and the 90% level of confidence is used.

The regressions analyses of the test areas were determined_

" in the following manner:

&. Calculations of the basic parsmeters, ueing the eqpstions

N . . K .-. .
FR-1+2+34.. 4N - (6)
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where
- P = scen ppsition number
D= scan deccntaminetion percentuge
.N = number of scans per riot

b. Cslculations of variances of the above purumeters

[
%Pf -\E_Pli)? S
L S " (11)
J-1
;ﬁﬁﬁﬁ'
& = L (22)

c. Caleulation of slcpe, b, of regression line

E" P, ‘%"D.,‘ .
b= I X , (13)
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d@. Calculation of variance cf regression line

§ IS R Y ' ,
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e. Calculation of t statistic

b8, ¥ FT

R (25)
" Bo-p
f. Calculation of intercept, &, of the regression line’
’ N : . N ' S
N . b TP i e :
. a,=.L_D_k_- % k o C : (16) -,
i e | , .
" g Pormula for regression line
D=a+bP an

The above celculated value of t ia then compared with values
from a table of t.distribution values for (N-2) dearees of freedom &t
the 9C% level cf confidence. If the calculated valiie exceeded the
-value from the t table, there is sufficient reason to say thet the line

of regression is significant, and, therefore, percentage of decontamina-

t1on.is dependent upon relative position on -the test plot. It shoula

. be noted that the variance of the percentage of decontemination, SP, is

- the square of the standard deviation of the Average Percent Decontamina~

__tion, given in the previcus section. When this standard deviation 1s

large, signifying very uneven decontamihation, it will tend to conceal
the significan.e of the regression slope, if it does exist,

The purpose of regression analyses of these duta is to give -
scme indication of area limits for which a particular type of -decon-
tamination is effective and feasidle. A large regression slope means

that a great amount cf dhe contaminant 18 not being picked. up or pushed

aside, but instead 1s being carried forward By the decontamination
apparatus, causing the apparatus to become less ana less effective as =
1t Drogresses.

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

K-3. Caiculation of Tegt Ares Activity ueVei.
To determine the activity and mass leveis of the simulant

fallout on the test areas, shallow eswpling pans were placed on the
area prior to disseminatlon and removed before deconteamination. The
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sand collected in these pans was weighed and messured for specific
agtivity. The results were reported as‘grams-per-square-foot muss

Tevel and microcurleg-per-gram specific activity. An- average and &

stanaara deviation were- calculated for each set from a test area.

" The calculation of the activity level on the test area is

;simpiy the product of the averages of the mass level and specific
activity, which results in miuro"uries per square foot.
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