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INTRODUCTION

In the event of nuclear attack, fallout-conteminated lawns could
present a aifficult radiologicel problem. The surface .exture and con-
figuration of lawns render them natural traps for fallout particulate.
Considerable portions of populated areas are comprised of lewns, whether
these be residential, business, or industrial districts. Hence lawns
represent a serious potential hazard to a significant portion of the
population in these ereas.

The procedures previously developed for the reclamation of extensive
unpaved land areas are not necessarily applicable to lawns for two
reasons. (1) Many lawns are made inaccessible to heavy motorized equip-
ment by such obstructions as buildings, trees and curbed walks; (2) Most
earth-noving equipment removes more soll than is necessary, thereby
creating large disposal problems.

Sod cutting and removal methods offer a means for conveniently re-
claiming lawn areas. Although sod cutters have never been used in radio-
logical reclemation, their capavility for removing scd has been estab-
lished in the landscaping industry. For these reasons a commercially
available sod cutter was tested on lawns contaminated with simulated

fellout, using optimum machine adJjustments and manmual removel procedures.

PURFOSE AND OBJECTIVES

The general purpose of the experiment was to determine the effective-
ness and effort required to reclaim lawns contaminated by radioactive
fallout, through the use of a sod-cutting machine in an optimiied sod
removal procedure., Specific objectives were:

1. To reduce the sod removal effort required, by (r) minimizing
the mass layer of soil that must be removed and (bs developing an opti-
mum procedural combination of motorized sod cutting and manual removal.

2. To measure the effect of fallout particle sizes and mess load-
ings on reclamation effectiveness.
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SCOPE

The sod cutter experiment was divided into twc parts. A preliminary
part consisted ~f 13 tests using non-radioactive fallout simulant, which
met the first ovjective by establishing machine and operational para-
meters, surface conditions and removal techniques. The principal part
consisted of 12 tests using radio-traced fallout simulant, which met the
second objective by using the parameters previously estabiished to observe
the effect of faellout properties on removal effectiveness.

In the principal tests, evaluation of reclamation effectiveness was
limited to one optimum set of machine paresmeters (a forward speed of 1
mph and a cutting depth of 1-1/2 in.) and one operational procedure. Two
types of lewn area were provided: {1) unconfined areas accessible to
heavy equimment, and (2) confined areas inaccessible to heavy eqimment
because of obstructions such as buildings, trees, and raised sidewalks.
Twelve contaminating conditions were selected, using four particle size
ranges of UlL-88 u, 88-177 u, 177-350 u, and 350-T00 u, each at three
initial mass loadings of 25 g/ft2, 50 g/ft2, and 100 g/ft2.

FINDINGS AND HIGHLIGHTS

Sod cutting and removal effectiveness are governed by two classes
of factors, envirommental and operational. Envirommental factors include:
surface conditions of moisture content and of presence and frequency of
rocks, large roots, and other objects near the surface; area accessibi-
lity (confined or unconfined); and fallout rroperties of initial mass
loading and particle size. Operational factov>s include: forward spezed,
depth and width of cut, size and weight of rolled up sod strips, distance
to the disposal slite, and capacity of the carrier used for disposal of
the waste material.

The highest degree of removal effectiveness achieved (0.2 g/ft2 re-
sidual mass) was on unconfined areas, under surface conditions of medium
moisture co:. .2nt 572-96 hr after normal watering), at low initial mass
loedings (25 g/rft2). The poorest effectiveness obtained (1.7 g/ft2 resi-
dual mass) was in confined areas, under overly moist surface conditions
(24-48 hr after heavy rains).

In general the test results show the mass remaining can be reduced
to 1 to 2.5 % of the initial mass loading for an investment of 50 to 80
(man-min)/(103 £t2) on the unconfined area and 80 to 125 (man-min)/(103
££2) in the confiied areas.
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CONCIUSIONS

The combined operational performance of sod cutting and removal
wvas found to be an effective procedure for lawn reclametion under the
conditions studied.

Effective removal can best be accomplished by nianually rolling
the sod into conveniently sized rolls and loading it into carriers for
disposal.

Reclamation effectiveness is governed by initial mass loading,
effort expended, and condition of the lawn area. For instance:

1. For a given investment of effort, residual mass is a direct
function of initial mass loading. That is, residual mass tends to te
smaller when initial mass loading is small.

2. lawn conditions adversely affecting sod cutter performance, in
order of decreasing importance, include: (a) confinement of areas due to
size, shape and obstructions; b) excessive moisture in the sod layer;
(c) concentration of rocks and/or woody roots near the surface; and (d)
- .Jr grass root system and voids in turf.

Compared to the above factors, the effects of particle size were
so slight as to be congidered insignificant.

Using effort as a criterion, accessible lawn areas were reclaimed
more efficiently than confined areas.

Of the three phases comprising the lawn reclamation procedure, re-
moval is the controlling phase when considered in terms of effort re-
quired.

Comparisons with previous lewn reclamation tests show the sod cut-
ting methnd to require less effort than shoveling but more effort than
tractor scraping.

RECOMMENDATIONS

It i3 recommended that

l. Sod cutters be uvsed in confined areaz where other heavy motorized
equipment cannot operate efficiently.

2. The feasibility be investigated of same design changes such as

(e) including a reverse gear in the transmission; (b) providing some
meana of moving a cut strip of sod a few inches to one side. The latter
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would enable the operator to continue the cutting phese of the operation
without first removing each cut strip.

3. One of the larger width (18 in. or 24 in.) cutters be evaluated
for achieving more economical operational rates.

L. These studies be extended to include tests on unattended (dry
and unmowed) lawns, such as would be encountered in a dry climate upon
emergence from shelter two or tlree weeks after a nuclear attack.
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ABSTRACT

A sod-cutting machine was evaluated for its usefulness in the radio-
logical reclamation of small lawn ereas - some of which were confined by
sidewalks, trees and buildings. Fallout conditions were simulated by
contaminating lawn test areas with radio-traced sand. Nominal particle
size »enges of 4L-88 p, 88-177 u, 177-350 4 and 350-700 p were used.

This fallout simulant was dispersed at nominal coacentraticns of 25, 50
and 100 g/ft2, respectively.

Raclamation effectiveness of sod cutting was dependent upon machine
factors (blade depth), soil characteristics (moisture content) and fall-
out simulant properties (mass loading). The least effective sod removal
results were obtained in confined lawns with high moisture content and
heavy rock concentrations. The best sod cutting and removal effectiveness
results were obtasined on more accessible lawns having less moisture con-
tent ond only a light concentration of rocks. Simulant particle size
was found to have little, if any, effect upon reclamation performance
either with respect to efforl required or removal effectiveness achieved.




Problen

Lawns contaminc.ed by tallout from nucleer attack present a diifi-
cult reclamation provlem. Not only are lawns etficient fallout traps,
but they are ofter inaccessible to heavy equipment suitable for recla-
mation of open areas. A sod-cutting machine, therefore, was investigated
as a means for developing an efficient procedure for effective removal
ol lawn sod together with the radicactive fallout.

gzndiggs

Using radionuclide-t.raced sand to sirmulate dry fallcut from nuclear
weapons detonated on a land surface, effectiveness and effort data were
obtained for one optimumr combination of sod-cutting marchine parameters,
operational parameters, and one manual removal method. Tnis optimum
combinatior was tested under sever~l environmental conditions including
mass levels of 25, 50 and 100 g/rft-, and particle size ranges of LL-38 u,
88-17T7 1, 177-35C u end 350-700 p. Lawn test areas were kept as nearly
the same as possible with respect vo turf condition such as moisture
centent and height of grass.

The combined operational performance of sod cutting and removai vas
fouand to be an elfective procedurc for lawn reclemation under the ccn-
ditions studicd.

Effective removal of the cut sod can best be accomplished by manu-
ally rolling the sod into conveniently sized rolls and loading it Into
carriers {or disposal.

Reclametion etffectiveness (residual mass) is a direct fnction of
efl'ort expended and an inverse function of the {nitial mass loading.
Fallout particle size has little effect, (I any.

Lawn conditicns adversely atlerting sad cutter prerformance are, in
creer of decreasing importance; (a) cunfinement of arca due to size,
shape and obstructicns; (&) excessive meisture in the sod layer; (c)
concentration of rocks and/or .cody roots near the surface; and {d) poor
grass root system and voids in turl.
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CHAPTER 1

INTRODUCTION

Reccvery from a land surface nuclear weapon attack requires a criti-
cal appraisal of the fallout event, through which is determined the
application and sequencing of radiological countermeasures to be used
during the recovery period. Reclamation is one of the major counter-
measures to be used during the operational recovery rhasz. The counter-
measure procedure to be used on a particuler target component depends
upon, besides the fallout characteristics, the nature of the surface in
relation to the materials and equipment available.

Among the various types of components within a fallout target, lawns
present en especially difficult radiological problem, The surface tex-
ture and configuration of lawns render them natural traps for fallout
particles. Lewns comprise considerable portions of populated areas,
whether they be residentisl, business or industrial districts. Hence
lawns represent a serious potentiel radiation hazerd, and therefore,
should rank high on the recovery schedule if nearby locations are to be
made safe for inhavitants.

Lewns, like other unpaved ground surfaces, require surface-destruc-
tive reclamation methods. That is, a thin top layer of eartl is removed
along with the urwanted fallout and is safely disyosed of. Procedures
developed at Stoneman II1 for extensive unpaved open areas are not prac-
tical for lawn areas for several reasons: (a) The heavy earth-moving
ecquipmeat used in some of these procedures removes more base soil than
is necessary for rrclamation of lewns, thereby increasing the disposal
problem. (b) The sgricultural equipment used in other methods does not
provide the reclamation effectiveness required. {c) Most lawns are in-
accessible tc either type of large-scele motorized equipment. (d) Purely
manual methnds require much manpower and operaticnal time, and expose
crews to excessive radiation.

Sod cutters offer a pramising means of lawn reciamation. Their
capability as sod-cutting tools hes been established in the landscaping
indusiry. 3Sod cutters are commonly used in resodding playgrounds, golf
courses, and cemeteries. However, since no reclamation history exists
for these machines, a ccmmercially aveilable god cutter was tested to
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determine i%s general reclametion effectiveness and observe its utility
in confined areas.

Previous investigations of the reclamation of unpaved lard used
both heavy earth-moving equipment and manual methods. Opere“ion Stoneman
IT 19581 included the reclamation of extensive grassy areas by the use of
motorized graders, scrapers, and bulldozers. In Target Complex Tests 1,2
11,2 and III3 lawn areas were reclaimed with hand shovels and wheel bar-
rows, agricultural scrapers, road graders, and end-loaders.

This equipment was used individually or in combination in the follow-
ing ways: (a) Burying the fallout by twmning under a thick layer of soil
or covering it with a clean layer of soil. (b) Removing the fallout
(along with whatever soil was picked up with it) and trensporting it to
a safe disposal area. The efficiency of the heavy equipment was seri=-
ously reduced in the confined lawn areas, thereby requiring extensive
manual cleanup. Although removal effectiveness did not suffer neces-
sarily, extensive manpower was required.

1.1 P'RFOSE AND OBJECTIVE

The general purpose nf the experiment was to determine optimum sod-
cutting performance characteristics and sod removal procedures for the
effective reclamation of lawn areas contaminated by radicactive fallout,
In support of this, the specific test objectives were:

1. To reduce the effort required, by: (a) minimizing the mass of
sod layers that must be removed, and (b) developing an optimum precedural
combingtion of motorized sod cutting and manual rewoval.

€. To measure the effect of fallout particle size and initial mass
loading on reclsmation effectiveness.

1.2 APPROACH

Since sod cutting machines are desisned only for non-radiological
purpcses, a camplete procedure had to be developed integrating cutting,
removal, and disposal. The sod cutter experiment was divided into two
parts. A preliminary part consisted of 13 tests using non-radioactive

no

- - - — A — N T ——————— W‘
. - —:. il R —— —




fallout simulant, deccribed in Appendix A. The principle part consisted
of 12 tests using radio~traced fallout simulant. The former met the
first obJective by establishing machine and operational pareameters, sur-
face conditions, and removal techniques to be used in the principal part.
The latter met the second objec*ive by measuring the effect of fallout
properties on removal effectiveness under conditions established in the
preliminary tests.

1.2.1 Scope

The evaluaticn of reclamation effectiveness (the principal tests)
was limited to one optimum set of machine parametsrs (describted in sec-
tion 2.1.2) and one operational procedure (described in section 2.2.1).
Two types of lawn areas were provided: (a) unconfined areac accessible
to heavy equimment; (b) confined areas inaccessible to heavy equipment
because of obstructions such as buildings, trees, and raised sidewalks.

Twelve contaminating conditions were selected cornsisting of four
particle size ranges and three nominal initial mass loadings. The fol-
lowing table indicetes the combinations of size range and mass loading
according to test number.

e e "]

Particle Size Initial Mass Loading (g/ft°)

(n) 25 50 100
L~ 88 7 8 9
177-350 1 2 3
350-700 L 5 6
88-177 10% 11 12

¥Entries indicate test numbers.

ol




CHAPTER 2

PREPARATIONS FOR AND CONDUCT COF TEST

2.1 BASIC PRINCIPIES OF RECIAIMING MOIST LAWN AREAS

2.1.1 General Description of the Sod Removal Process

Reclamation of moist lawn areas covered with radioactive particu-
late fallout from a land surface weapon detonation involves the removal
of a thin layer of earth and sod along with the unwanted fallout par-
ticles, and the safe disposal of the waste material. It is rec.cnable
to expect that lawns may be effectively reclaimed by the use cf motorized
sod cutting machines and manual removal methods. Sod cutters shave thin
uniform layers of moist sod and leave it in place with minimum svpreading
about of the fallout particles. Manual removal consists of cutting the
strips into convenient lengths, rolling the strips into smail tight rolls
(to retain the fallout), and placing them in carriers for disposal. Be-
cause of all this handling a certain asmount of fallout material will be
spilled, leaving a residual radiation source.

2.1.2 Test Parameters

Several factors of two classes influence reclamation effective-
ness, envirommental and operational.

Envirommental factors describe two sets of conditions, those of
the physical site and the radioclogicail.

Fhysical Site Factors:

a. Accessibility -~ open or confined

b. Shape arnd size of lawn areas

c. Slope and topography (flat cr hilly)

d. lawn comdition -« length of grass, thickness and homo-
genity of the turf

e. Soil condition - degree of campaction, moisture content,
frequency of rocks and large roots.
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Readiological Factors:

a. Mass loading
b. Particle size rarge, size distribution
¢, leaching and exchange effects due to weathering.

Operational factors describe two sets of conditions, those in-
herent in the reclamation eauipment and in the procedure.

Equipment Factors:
a. Depth and width of cut

b, Speed and maneuverabllity of sod cutter
c. Fuel consumption

d. Capacity of loading and hauling egquipment.

Procedural Factors:

a. Operational sequencing and timing
b. Size and weight of rolled sod
c. Operational rate and effors.

2.2 TEST PROCEDURE

2.2,1 Principal Tests

Each of the principal tests was conducted on lewns of certain
moistness (Appendix A), with radiotraced fallout simulant at initial
mass levels and particle size ranges required by the planned test con-
ditions (Table 1.1). For each test, simulant of a specific particle
size range was dispersed at a specific initial mass level as described

in Section 2.6. Kadiation backgrourd measurements vere made as described
in Section 2.7.1.

The reciamation phase consisting of cutting, manual removal, and

disposal, was run on a naminal 500 ft© test area in the following ase-
quence:

1, Stripe 1 ft wvide were cut with the sod cutter, beginning at
the edge (Fig. 2.1) of the test area.

2. The strips were cut transversely vith a manual edger into
sections 9 ft long for easier removal as the sod cutter progressed.

L iy

! l' S




NRDL €48-61

Fig. 2.1 Sod Cutter in Cperation.
and width cf cut.

Note

wiformity in depth




3. The sections were rolled into small tight rolls (Fig. 2.2) to
retain the fallout and placed in the payloader (Fig. £.3).

l, 'The payloader was driven to the disposal area and dumped at
convenient intervals.

5, Residual radiation measurements were made as describved in
Section 2.7.

The above procedure was duplicated for each test tc assure uni-
formity in the overal). experiment.

2.2,2 Preliminary Tests

The preliminary part of the experlment was conducted using inert
simileted fallout at nominal mass loadings of 25, 50 and 100 g/fta, wvith
by -88 u, 88-177 u, 177-350 u and 350-700 u particle size ranges. No
effectiveness data was taken since only visual observations were made.
Machine adjustments, surface conditions of moisture content, and cvutimum
operational procedural sequences were determined by these tests and are
described in Appendix A.

As a result of these preliminary tests, a {ixed combination of
forward speed and depth of cut was established for the principal tests.
A single forwerd speed of approximately 1 mph was selected because it
could be maintained through & given test run without discomfort to the
sod cutter operator and without loss of maneuverability. This speed was
within the range specified by tl:e manufacturer.

A depth of cut of 1-1/2 in. was selected. This depth minimized
the amcunt of bulk (sod snd soil) that had to be disposed of, while pro-
viding the necessary thickness for rolling and hendling, thus reducing
both removal effort and disposal effort.

2.3 DESCRIPTION OF THE SOD CUTTER

Detajlled specifications of the Ryan Jr. sod-cutting machine® are
given in Appendix E. Some general features thstl are comaon to most
motorized sod cutters are presented here (see Pig. 2.4).

¥Ryan Landscapinggihuipnent Co., 871 Edgerton St., St. Paul 1, Minnesota.
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PMg. 2.2 Manually Rolling Cut Sod. long sod strips were cut

transversely by man with long-handled cutter. Pay-

loader was positioned nearby to facilitate loading.
LY
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Mg. 2.3 loading Sod Rolls iIato Payioader Bucket for Transport
to Disnosal Area. RadSafe monitor is measuring the
radiation level due to concentration in one place of
fail~at simulant on sod.
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Rg. 2.4 Sod Cutter (Ryan Jr.), 12-in. Blade. View of under
gide showing cutiving blade to left of wheels.
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The sod cutter is powered by a U4-hp, W-cycle gasoline engine. It
has a one-forward-speed transmission with neutral gear. The 12-in. wide
blade may be preset for a depth of cut ranging fram 1/4% to 2-1/2 in. de-
pending upon sod conditions. The blade alsc may be tilted forward or
backward to provide for a more uniform depth of cut. This adjustment
reduces the tendency of the blade to res wrface when cutting through a
heavy concentration of rocks. Engine clutch amd throttle controls are
conveniently located between the handle bars.

2.4 DESCRIPTION OF TEST AREA

Two lawn areas were developed and maintained for several months to
achieve lawns common to the United States. One was an easily accessible
area of 5600 ft2 (approximately 4O x 14O ft) which was divided into 9
small test sections each of 504 £t° (14 x 36 £t). Each test section was
laid out with 18 monitoring points (see Fig. 2.5), located to provide
complete coversge by the shielded gamma detector. Radiation measurements
were made with the detector at these designated points to determine recla-
mation effectiveness.

An area typical of residential lawns, of approximately 2000 £t2
(Fig. 2.6), and with buildings, trees, and sidewalks, was used for the
confined lawn tests. This area was divided into 3 test sections by the
paved surfeces in the area. Monitoring points were located on these
areas similar to those described above.

A small portion of these general test sections (approximately 1500
fta) was used for the preliminary tests described in Appendix A.

2.5 PRODUCTION OF FALIOUT SIMUIANT

2.95.1 Bulk Carrier Material

The bulk carrier material was produced from Del Monte and Wedron
(river bottom) sand. The rav sand was processed with a Nove sieving
zachine. The nominal particle size ranges weve separated by
A sequence Of passes of the raw sand through the proper
sized screens. Quality control vas maintained by frequent sampling and
sieve analy-is. These procedures are described in Referer.ces 4 and S.

11
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Fig. 2.5 Typical Test Section {50k ftZ) on Lawn Area Showing Mcnitoring
Stations and Cuts by Sod Cutter.
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Fig. 2.6 Residential lewn Test Area, Confined by Buildings,
Trees, Walks and Paved Surfeces. For Tests 10, 11
and 12.
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2.5.2 Radioactive Bulk Cerrier Material

Bulk carrier material was tagged with trace amounts of radio~
nuclide Lal The tagging process5 consisted of syraying a known
amount nf solution of redionuclide onto the surface of the bulk carrier
material.

Lalho was selected to tag the sand for several reasons: (a) The
relatively short half-life (40.2 hr) permits repeated testing within tie
same general aree, without creating an excessive build-up in background
radiation. (b) Adequate facilities are available at Camp Parks2,3 for
preparation of this simulant.

A remodeled simulant hopper and -oncrete shield (Fig. 2.7) was
used in several stages of the handling of the radioactive simlant. (a)
It provided a means of metering out the desired amount of simulant
needed for a particular experiment. (b) It provided a storage place for
the simulant until needed for subsequent tests. (c) The shield protec-
ted test personnel when they were transporting cimulant to test areas
and filling spreaders.

2.6 DISPERSAL OF FALLOUT SIMUIANT

A hand-operated lown spreader* was used to disperse the
fallout simulant. Unifcrm dispersal was achieved by extensive caliora-
tion of the spreader feeder cortrols for different particle sizes. Lif-
ferent nominal particle size ranges require different rates of depcsition
to achieve a given initial mass loadi 3. The average initisl mass lcad-
ing in grams per square root was determined by weighing the loaded
spreader both before and after dispersal and dividing ‘he
difference by the area covered. Close control of mwss levels as well as
uniform dispersal was conveniently achieved by this method. HResidual
mass loadings were determmined fruam rodia’. n measwroments described in
the following section.

<.T7 MEASURMMENT TECHNIQUE

J.7.1 Radiation Mcasurvements

Radiatic: measurements were usced to determine the effectiveness of
the reclamation procedure in terms of initial and residual mass leadings,

“iapufactured by G, M. Geott and bons, Marysville, Ohic {see Flg. 2 2.7).

14
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L

Fig. 2.7 Simlant Hopper with Concrete Shield. View of
hopper is partially blocked by shield. Metering
nozzle is oriented so that operator discharges
similant while shielded from bulk of contaminant.
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Radiation levels on test areas, before &nd after reclamation, were meas-
ured with a mobile shielded gemma scintillation detector® (Fig. 2.8).

The principle detection element of this instrument was & l-in.-diameter,
1-in.-thick, NaI(7Tl) scintilletion crystal coupled to a photomultiplier
tube. These were sc positioned within a L-in.-thick lead shield that

the center of the detector was 1 meter above the ground. A collimated
l-in.-diemeter aperature subtending a 14° cone of view permitted entrance
of radiation into the sensitive volume. The power supply, associated
electronics, and print-out system, as well es the shielded detector, were
trailer-mounted.

To assure consistent and reliable radiation measurements, a three-
step routine was followed for all surveys:

1. A 0060 radiation standard was counted to determine instrument
response.

2. Two l-min. counts were made and recorded at each of 18 pre-
determined survey stations.

3. The Co®0 ctandard was again counted to check and correct for
any instrument drift durling the survey.

This procedure was appl.=d to background surveys prior to disper=-
sal, initial surveys irmmediately after dispersal, and residual surveys
after reclamation. At the beginning of each day a 15 to 30-ndn. instru-
ment warm-up period was required before the first survey was made.

The measurements obtained at each monitoring location on the test
areu are presented in Appendix C. The data have been corrected to & com-
mon time to account for radicactive decay and corrected for backgrcund.
The method used to convert the radiation measurements to mass units is
rresented in Appendix D.

2.,7.2 Physical and Radiological Property Measurements
of the Simulant

Physical and radiological property measurements were made to de-
termine and control the fallcut enviromment being sirulated. Particle
size measurements were made using a Rotap machine* and standard Tyier
sieves. 8Six to nine sieves and a pan were stacked in descending standard
mesh sizes to analyze the particle size ranges of the material. A 10C-
gram sample of material was placed cn the top sieve and agitated for 10
min, the particles sifting through the sieves. Each fractlon retained
on a sieve was weighed tc determine the size distribution within that
naminal size range.

™. S. Tyler. fo., Cleveland, Chio.
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Fig. 2.8

-

NKDL 648-64

Mobile Shielded Gamma Radiation Detector
Measuring Radiation Level on Test Ares.
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A hx ionization chamber (see Fig. 2.10, Ref. U4) was used to
determine the specific activity (uc/g) of the individual sized simulent;
fractions and to follow the decay of samples from each simlant bafich.

The results of the sieving and radio-analysis are given in
Appendix B, In eddition, the relationship between specific activity
and paxrticle size is evaluated.

2.7.3 Time and Motion Studies

Detailed time measursments were recorded from each phase of the
sod removal experiment. These phases included sod cutting, sod removal,
and hamling of soil. Support tims and los: itime were also noted. This
iaformation was obtained to determine the time and effort required to

complete each test and was used to construct a dose rate history curve
(section 3.5.1).




CHAPTER 3

RESULTS AND DISCUSSION
3.1 PRESENTATION OF RESUIIS

The results of ihe sod removal tests are presented in Table 3.1l.
The values were reduced from the raw data given in Appendix B. The
aversge initial and residual mass levels, M, and M, in g/ft2, were com-
puted by the method discussed in Appendix D. The averaged residual
fraction F, expressed as the percent mass (or count) remaining is

F =100 (M/ M) = 100 (R/ T) (1)

The initial count rate, I, and the residual count rate, R, from which F
was obtainasd, are given in Appendix B.

The 95 % confidence limits (CL) shown in Table 3.1 were obtained by
the formula:%*

CL=ﬁ1tsﬁ-

CL = N + t (s, AN)

vwhere M = averoge residual mass
t is from the student ¢ distribution_
= gtandard deviation of the mean M
sy = standard deviaticn of individual M values
N is the number of M values observed - in most cases 18

Effort E, in the last column of Table 3.1, is a measire of the work
required per unit area as determined from the number of men or machines
invelved. In this report effort is expressed as man-min/103

w, G._'ﬁixon, F. G. Massey Jr., Introduction to Statistical Analysis,
1st edition. New York, McGraw-Hill, pp. 108, 1951.
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2.2 RECLAMATION PERFORMANCE

A nmber of factors that could affect the performance of lswn recla-
mation by sod cutting techniques were listed in Section 2.1.2. Certain
of the more critical factors vwere observed during the tests, and they
are discussed in the following ssctions.

3.2.1 Removal Effectiveness

One measure of performance is lawn removal effectiveness. Table
3.1 indicates this quantity in two ways. The absolute effectiveness is
represented by the residual mass M. The relative effectiveness is given
by the residual fraction F as calculated from Eq. 1. These residual
fractions are confined to a very small intervel ranging from 0.8 to 2.7
percent. For this reason there is no apparent correlation between rela-
tive effectiveness F and such tabulated quantities as mass loeding M,
or effort E. However, M values for absolute effectiveness show some
very definite trends.

3.2.2 Masga loading Effects

A cursory check of the mass entries in Table 3.1 for each particle
size range veveals that resiqus) mas3s M varies directly as mass loading
Mo. The trend depicted in the M versus M, plot in Fig. 3.1 further sub-
stantiates this relationship. That is, the tendency of the data points
to describe a gradual path from lower left to upper righc demonstrates
that absolute effectiveness becomes poorer (M gets iarger) with increased
initial mass loading.

Note that the enlid data points of Fig. 3.1 identify those tests
for vwhich an unusually large amount of effort wes required. Effort
effects are discussed in Section 3.3.

3.2.3 Particle Size Effects

Pigure 3.2 shovs the variation of residual mass vwith particle

size for the three nominal mass loadings teeted. The ascending -descend-
ing form of the curves appear to be attributable to particle size changes.
Bowvevear, the lack of any consistent ordering of the data points in Pig.
3.1 according to particle size does not confirm such & conclusion. The
humped trend occurring ir the curves of Pig. 3.2 at a particle sise range
of 177-350 u vas more probably dus to a cambination of operator inexperi-
ence and poor turf conditions. 7The three teuts run at this sisze renge

e - b
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vere the first in the series. As a result, the sod cutting and removal
operation had noct reached peak efficiency. Also the presence of thin
spots in the turf and large rocks in the soil increased the frequency of
spills.®

The maximm data point of the 88-177 u particle size rexnge vas
ignored in constructing the upper sheded band, because its confidence
interval is approximately € % of the value itself. However, several
factors could have contributed to the higher residual mass value for
this test. These include area confinement, excessiva moisture, and
obstructions demanding more cuts and rolls per square foot, hence more
contaminant spills.,

Note that the shaded areas dencte distinctly separated trends
vhich can be identified acccrding to meass loadings. The manner in vhich

they are ranked in the ordinate direction sgain shows that residual mass
increases with mass loading.

3.3 TIME AND MOTION STUDY

3.3.1 Reclasmation Effort

Table 3.2 showy th; reclaration effort required for each test ex-
pressed in men-min/103 ft<. The body of the table shows a breakdown of
the effort expended and the mumber of men invelved for each phase of the
test operation. The lest column gives hauling effort in termms of unit
distance to the disposal site.

The tabulated entries have been grouped to shov auy effects due
t0 either particle size range cr to differences in area accessibility.
As would be expected, comparisons of the average values caliculated for
each of the three size ranges involved in the open area tests shov no
significant change in effort with particle size. CObviocusly a0 such ob-
servatior: can be dravn from the results on confined areu, since only
the 177-350 pu size range vas used, but no change would Le expected.

comparison of the average effort values given in Table 3.2 for
the tr phases of the sod removal experisentc shows that open areas are
EOre casily reclaimed than confined areas., The unit effort expended for
confined areas shows a 13 $ increase for cutting, 113 % increase for re-
moval ard a 1k % increase for hauling. The combined efiort expended for

#leakage of simulant, during handling, from ths ends of ths rolls and
through holes in the sod layer.

%
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TABIE 3.2

Breekdowm of Produntive Effort

—— g
e e — e ey

Test A;'ea Ro. Man-Power and Effort
(££2) Cutting Removi —_ Combined —_Hsuling
No. of Effort No. of ffort No. of | Effort! No. of Effort \
Men ‘m—-min Men man-min Men (gun-min) Men un-nin(103 rt!
100 1t 103 nz} 103 1t 103 e )
Oven Ares Tusts
i]7-350_y Particle Gize Range
1 504 2 U 2 6 B 2 79.3 1 126.8
2 S0k 1 11.9 2 38.4 2 50.3 i 127.9
3 50k 1 12,9 2 Lo.6 2 53.5 1 48,2
Avg, Sl 1 13.1 2 39.5 2 6.0 1 134.5
350-700 u Particle Size Range
b sob 1 12,0 2 k2.5 2 5h.5 1 145.9
5 Sk 1 12.9 2 48,1 2 61.0 1 3.6
6 504 1 13.8 2 50,1 2 63.9 1 134.3
Avg. 504 1 12.9 2 46,9 2 59.8 1 W13
L4.88 p Particle Size Range
T 504 1 12.7 2 38.4 2 51.1 1 125.3
8 5ok 1 4.3 2 41.5 2 55.8 1 125.4
3 504 1 12.5 2 b7.5 2 6.0 1 110.0
Avg. 50k 1 13.2 2 k2.5 2 55.6 1 120.4
Grand
Avg. 504 1 13.1 2 43k 2 58,8 1 132.0
Contined Area Tests
88-177 j Tarticle Sise Range
10 630 1 13.3 3 68.0 3 £1.3 1 157.6
11 €608 1 11.3 3 103.9 3 115.2 1 7.9
12 702 1 19.3 2 105.} 3 126, 4 1 149.9
Avg. 47 1 14.8 3 92.% 3 197.0 1 151.2

*Because this value vas not considered a representative tost result, it was uot used in cumputing the average
values.

K S
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confined areas was 82 % greater than for open areas. These increases
are due to obstructions in and sround the confined areas and adverse
s0d moisture conditions.

A camparison of the ranges of effort values noted for the sod cut-
ting tests with thcse observed for shoveling and tractor scraping of
lavms during Target Complex2»3 experiments follows:

Method Effort
(man-min/103 ££2)
Tractor Scraping 35=-75
Sod Cutting 56-107
Shoveli g 130-360

The results show that (a) on the basis of effort, tractor scraping is
superior to sod cutting and that (b) sod cutting is superior to shovel-
ing. However, it is doubteful that either tractor scraping or shovel-
ing* is as effective a3 sod cutting due to their lack of spillage control.

3.3.2 Average Time Fractions

In order to examine the influence of time invested (irrespective
of test area size), time fractions were employed. These time fractions
are simply the ratio of the time increment required for a given test

e to the total elapsed time. Using the raw data from Table C.2,
E:;;endix C) average time fractions were computed for the various test
phases and are presented in Table 3.3.

When viewed in this way the differences between open and confined
lewn areas appear to decrease. For instance, the time fractions for the
cutting phase are the same (0.18) for open and confined areas. The time
fractions for removal differed only by 19 %, as indicated at the bottam
of the tabie. The 37 % difference shown for hauling was due partly
to a decrease in the distance to the disposal pit. The 9 % decrease
in the total productive time fraction and the 57 % increase in the
non-productive time fraction are a measure of the overall and the
specific effects, respectively, of operational efficiency.

“A 12 % residual for hand shoveling of lawn planted in sandy losm was
reported by Maloney and Mereditbh of NDL (see Ref. 7). Residual mass
was estimatad to be 5.7 g/fte.
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TABLE 3.3

Average Time Fractions

——e —— —_— . _
Particle Cutting Removal Hauling Total Non- Elapsed

Size Productive Productive

(1)

Unconfined Areas

177-350 0.19 0.35 0.35 0.89 0.11 1.0
350-T0C c.17 0.31 0.36 0.84 0.16 1.0
L~ 88 0.19 0.31 0.35 0.85 0.15 1.0
Average 0.18 0.32 0.35 0.86 0.1 1.0
Confined Areas
88-177 0.18 0.38 0.22 0.78 0.22 1.0
% Differ- O +19 =37 -9 +57 -

ence

3.4 RECOVERY OREW EXPOSURE

Planning reclamation operations depends upon some means for estimat-
ing exposure to recovery crews. From reference 3 the expiession® given
for exposure

D} = RN D, (3)

where 'Dé = actual exposure during recovery
Do = potertial exposure from a free undiaturbed radiation field
RN, = exposure reductiem factoss{residusl sumber).

¥The sub-scripts are a carry-over from previcus work where the 2 distin-
guishes the recovery phese from the shelter and mission phases.

Y - RN e e ———— - -
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Potential exposure Dy is obtainable from known decay information.
Given a proper RNo value, the actual exposure D2 may be computed. Results
from the three land target complex experiments have shown that each
method -surface combination is characterized by a particular RN, value.

To derive the RN, values for sod removal it is necessary to first
consider Eq. 3 in the form

RN, = DY/D, (4)

This ratio can be derived from the ,eXposure rate history of a sod removai
experiment. The actual exposure D2 will equal the area under the expo-
sure rate curve, It is determined by graphical integratlon so that

D = Z (1pty) (5)

where the product I At, represents an incremental exposure strip under
the exposure rate h¥stbry curve (see Fig. 3.3).

The potential exposure Do is simply the product of the aversge ini-
tial expcsure rate I * and the recovery interval t. (For these experi-
ments, which lasted spproximately 45 min and employed Ial¥C (half-11ife
0.2 hr), no decay correction was assumed to be required.) Therefore,
the vorking equation for obtaining RNo experimentally is

) § s
RN. = _S_ii_ll (6)

2 Iot

3.4.1 Exposure Rate History

A exposure-rate history curve was obtained from Test 12 of the
sod removal experiment. This test was selected as & typical erample of
the reclamation effectiveness that can be achieved under similar test
corditions.,

A portable AN/PDR 27 F (Ser. #4974) survey meter vac used to mon!-
tor the changing gamma =xposure rate I ,® alongside the removs) crew at
3 feet, above the lawn surface. Meaaurémcnta vere taken at l-min inter-
vals during the 0.75-hr irecovery period. The expcsure rate history of
Fig. 3.3 vas plotted from this data. Graphically integrating the expo-
sureérate history curve of Fig. 3.3 and substituting these values into
Eq. 6;

*I. ie obtained from a radiac survey at a height of 3 tt over the con-
tumiunted area, vhereas IJ is measured et the receding edge of the
shrinking area.
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m"_118..‘51113'131' €0 hr
2 S mr/hr (3/4 hr

19.83 mr
Rna = %. ar = 00392

Thus for sod reuovvl tituations similar to the conditions of Test
12, the actual exposure (19.83 mr) will be about 40 % of the potential
exposw-e Do (50,6 mr). Tge difference between these two vaiues s due
directly to the recovery effort.

A coamparison of the exposure to sod cutter crews with those to
the shoveling snd tractor scraping crevs (Target Complex2:;3 results)
shows R, values as follows: sod cutting 0.39, shoveling 0.61-0.82, and
tractor scraping 0.35-0.9. These values indicate that sod cutting may
be the superior method; where exposure to recovery crews is controlling.

3.4.2 Unit Man-Exposure

Comparing the above ranking with sarlier results it will be noted
that sod cutting ranks higher according to the criterion ¢f exposure
reduction for recovery crews than to that of effort. It is of interest
to see what effect the cambination of both criteria would have on the
ranking of sod cutting. For convenience let effort E be defined in terms
of man-hr/103 £t2 (rather than man-min/103 £t2). Also, let T represent
an average expcsure rate (in r/hr) for a specific recovery pe.iod. The
product of these two quantities is an expression of the unit man-expo-
sure, thus

man-hr

£
103 £t

= D, ~3—s (7

21 m .3 .2
107 £t

r_
hr

The effort tem, of course, is available from the test data. ‘The
means for estimating I, however, are not readily apparent. Referring
back to Eq. 5, tlhe actual recovery exposure can be sald to be equal to
the product of an average exposuie rate and the recovery interval t, or

' -
Dy=1It &)
The potential exposure was shown earlier (1n Seztion 3.5) to be cloeely

approximated by the product of the starting exposure rate I, and the re-
covery interval ¢, thus

D, = It (9)

!
b
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From Eq. 4, RN, = D,:,/na. Subastituting Eqs. 8 and 9 into this
expression and rearranging terms, the average exposure rate becomes

I = IRN, (120)

Combining this result with Eq. 7 gives
D, = RN,ET (11)
as the equation for camputing unit man exposure.

When comparing the combined effects of effort E and exposure re-
duction factors RNo expected for various reclamation methods,it is con-
venient to transpose Eq. 11 so that it reads

D
if = RNE (12)

Using this form, in effect, normelizes the results to a unit starting
exposure rate. Thus, the product RNoE becanes a unit man-exposure index
suitable for Jjulging the relative worth of various reclamation methods,
vhen exposure of recovery crevwe is controlling.

Effort and RNo values from the sod cutting tests and from Terget
Complex Experiments I and II have been used to construct Table 3.4. The
last column contains the results of Eq. 12. From this it is seen that
sod cutting ranks between scraping and shoveling. 'Therefore, the greater
exposure reduction capability (smaller RN, factor) of sod cutting was not
enough tc change the order of ranking originally establizhed on the basis
of effort cvxpended.

Judging or ranking methods according to the combined criteria of
E and RN, is more reallstic than using either separately, since it takes
inte account the interactiou of two very importent operational parameters.
In addition the unit man-exposure index provides a means for making rovgh
rreiiminary calculations of anticipated exposure to recovery personnel,
IC DE/IO is mltiplied by both the area (in 103 r£t2) of a contaminated
target campcnent and the estimated starting exposure rate and then divi.-
ded by the number of men per team, an estimate of the exposure per team
member will result. This shculd be of considersble value in the advance
rlanning of radiological recovery operationms.
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TAELE 3.4

Comparison of the Combined Effects of Effort and Exposure Reduction Criteria

Method and Task Unit Effort#*, Exposure Reduction Unit Man
E Factor, Exposure Index*,
RNp Dm/ I,
Sod_Cutting 2,08 0.39 0.81
Target Complex i _II I 1I I II
Experiments

Tractor Scraping:

Operator 0.57 1.26 0.k2  0.35 0.2k 0.k
Shovel Man 0.57 1.26 0.6 V.90 0.36  1.13
Hand Shoveling 2,20 6.0 0.82 0.61 1.80 3.66

*Both E and D,,/T, have units of man-hr/103 ft2. However, the physical
significence of the ratio Dm/Io is better indicated by retairing ail
units, i.e., man-r/103 £+2 per r/hr initial rediation.

3.5 INFILUENCE OF MACHINE DESIGN

The design features of the cod cutter are suitable for the purpcse
for whichk it was originally intended. However, these features may be
characterized into advantages and disadvantages when used as a land re-
clamation method.

3.5.1 Advantages

l. The small size of the sod cutter provides maneuverability in
confined areas and around obstructions.

?. The relstively light weight of the sod cutter (in comparison
with heavy equipmeni) permits its ure in areas of high moisture content.
Heuvier equipment could break through the turf and leave streaks of un-
removed contamination. The sod cutting machine is also casily trans-
ported between Jjobs by small vehicles such &5 pick-up trucks, jeeps, or
even autonmcbiles.
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3. Adjustable blade depth permits the removal of the fallout with
a minimum thickness of base soil. The sod cutter accomplishes this in
moist turf with a minimm amount of damage to the surface. This prevents
spills and redistribution of the unwanted fallout.

4, Convenient location of the throttle and clvtch control allows
the operator tc adjust the speed guickly to changing surface conditions.

3.5.2 Disadvantages

1. There is nc¢ reverse gear to permit backing out of small or
congested areas. Thus, resuming the cutting interrupted by rocks, roots,
etc. can only be accomplished by turning the machine around.

2. No provisions have been made in the design of the sod cutter
to either roll or push aside the cut scd for easier handling and to
expedite successive cuts. As it is, each freshly cut strip must be
rolled and removed before the next cut can be made.

3. Recontamination by the cutting blade is inherent in the opera-
tion. The cutting blade knifes through the contaminant and turf leaving
8 stresk of residual convaminstion wherever a cut is made.

3.6 INFLUENCE OF LANN CONDITION

3.6.1 Moisture Cuntent

Environmental conditions of moisture content (too vet or dry)
wvould be a determining factor in the :z:lulness of tiis method. One
particular instance was observed during Test 11. The area vas too vet
(due to recert rain) during the performance of this test. The unit
effort expended for the test vas 115 man-min/103 £%t2. This 1is approxi-
mately 42 % greater than fou a comparable area (Test 10) reclaimed two
days later under drier conditions. A general comparison of the results
in Table 3.1 between open areas (Tests 4 through 9) and confined areas
(Tests 10, 11 and 12) shows that, in the latter cass the residual mass
values tend to run about 50 percent higher than in the former case (1n
spite of the increased effort). This loss in removal effectivensas was
due to spille caused by breakage of the overly moist sod during handling.
Similar results might be expected winen too little moisture eaccursges
crumbling, and, hence spillage.,
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2.6.2 Rocks and Roots

As noted previously in Section 3.3, rocks and roots can alsv be
responsible for recontaminetion due tc spills. Large rocks (snd other
hard objects Just under the lawn's surface) cause the cutting blade to
rlane up out cf the scd layer. These breaks and skips in the cut cvreate
handling problems during the removal phase and lead to spills. Roots
from large woudy weeds leave holes in the turf, causing still further
spillage during volling and removal.

3.7 SOURCE OF EPROR

The main source of error lies in the detziw.nations of mass loading.
Initial wass lcading measurements were assumed to be + & % of the true

-

value, silce they were determined oy direct weighing methods.

In the case o residual mass determinations, the error was consider-
ably larger. This was caused by a combination of diresct and indirect
sources of esror. MA< shown in Appendix D, residual mass M is rnot meas-
ured in the same way as initiai mass My but must be estimated from M,
values and radiaticn readinge. Thus,

M= M (R/I)

where R = <pm ~fter reclamsticn
I = cpw *ore reclamacion

On the average, initial an' residual levels 1 and R each reflect the
+ 15 % error inherent in the shielded gemma detector used in their

meesurement. These errors combine with thet noted for M,, such that the
error in M is approximately + 2z 4.
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CHAPTER k4

CONCLUSIONS AND RECOMMENDATIONS
L.1 CONCIUSIONS

The combined operational performance of sod cutting and removal was
found to be an effective procedure for lawn reclamation under the con-
ditons studied.

Effective removal can best be accomplished by manually rolling the
sod into conveniently sized rolls and loading it into carriers for dis-
posal.

Reclamation effectiveness is governed by initial mass loading,
eftfort expended, and condition of the lawn area.

l. For a given investment of effort, residual mass is a direct
‘anction cf initial mass loading. That is, residual mass tends to be
smaller when initial mass loading is small.

2. lawn conditions adversley affecting sod cutter perfcrmance, in
order of decreasing importance, are: (a) confinement of lewns due to
size, shepe ard obestructiors, (b) excessive moisture in the sod layer;
(c) concentration of rocks and}or weody roots near the surface, and (d)
poor grass root system and voids in turf.

Compared tc the above factors, the effects of particle size were so
slight as to be considered insignificant.

Using effort es a criteria, accessible lawn areas can be reclaimed
more efficiently than confined areas.

Of the three phases comprising the lewn reclamation procedure, re-

moval is the controlling phase - when considered in terms of effort
required.
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Comparisons with previous lawn reclamaticn tests show the sod
cutting procedure to reguire less effort than shoveling but more effort
than tractor screping.

A recovery crew dose reduction factor, RNp, for sod cutting wes
found to be approximately O.k, insofar as the radiation contributica
from an isolated lawn earea is concernmed.

k.2 RECOMMERDATONS

It is recommended that

1., Sod cutters be used in confined areas where other heavy motor-
ized equipment cannot operate efficiently.

2, Feasibility studies be made of some design changes such ss:
(a) including a reverse gear in the trensmission; (b) providing scwe
neann for lifing and moving a cut strip of sod a few inches to one
side. The lstter would enable the operator to contimie the cutting
phase of the operation without first removing each cut strip.

3. In the event that the reclamation program is revived, considera-
tion shcnld be given to sod cutter experiments on unattended (dry un-
mowed) lawris, such as would be encountered in a dry climate upon emerg-
ing €rom shelters two or tiree weeks after a miclear attack. Evaluatica
of one of the larger-width (18 in. or 24 in.) cutters for achleving
more econcmical operational rates should bpe included.
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APFENDIX A

PRELIMINARY STUDIES

To determine the significant parameters for sod-cutter machine ner-
formance and reclamation performance, 13 preliminary tests were conducted.
A non-radiosactive fallout simulant was used in mass levels and perticle
size renges consistent with requirements for the formal tests. Prelimi-
nary tests were conducted on the same types of areas (described in Sec-
tion 2.lt) used for the fcrmal tests.

The objective of the tects was to ohserve the effects of forward
speed, depth of cut, and moisture content on sod cutter performance, and
to develop a complete proce”are for removing the cut sod. Since no
known ristory of reclamation by sod cutter was available, the design and
execution of tlese teste developed with day-to-day experience. This
meant using the observation: of one test to adjust and ilmprove the per-
formance for the next test. To reduce the number of tests that could be
eccommodaced on the available cest area, a fixed combination of forward
speed (1 mph) and depth of cut (1-1/2 in.) was u)timately selected.

This combiration was then apprlied to iae fallout envirommental conditions
described in Table 1.1.

Moisture conten.: was determined as follows: The test area was
watered liberally (visually determined as being the amount of water
generally put on home lawns) prior to the test day. Tes.s were ther run
at different periods measured from the ti.2 of wataring - namely 2k, 48,
72, 96 and 120 hr. It was Sound that the moistur: content during the
72 to 95-hr period was most suitable, the moicture retained being just
enough to: (a) hold the sod tcgether, (b) minimire the weight of th. sod
roils, and (c) vrovide fim support for the sod cutter and personnes on
the test area without breskup of the turf. OShorter deliay periods resulted
in soxgy lawns. longer perials resulted in sod that was too dry and
crwnolv,

The thecry of land reciamation® as applied teo previous reclamation
procedures also applies to sol removal. That is, the fu’lout must ve
renoved aleng with a thin layer of earth. Tae elfectivenress achieved
will depend upon the capabllily of' the methad te remove the coptamiaated
suriace soll. O8pills and inconplete coveruge will reduce the eflective-
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The development of a mechanized procedure for removing the cut sod
failed. The weight of the skip loader (the lightest piece of motorized
equipment available) could not be supported on the moict surface. The
large wheels made deep depressions in the soft earth, breaking through
the sod surface and packing the soil. These depressions of packed sur-
face seriously hampered the performance of the sod cutter, by preventing
it from making uniform cuts. Therefore a manual removal procedure had
to be developed, and it is described in Section 2.2,1, items 2 through k4.

A.1 RESULTS

Direct visual observations were used almost exclusively in studying
the entire preliminary test phase. Therefore, no quantitative data were
taken. Although no conclusions could be drawn from these studies they
did point out general trends which are summarized as follows:

1. Mass loading and particle size appeared to have no effect on
the removal effort. That is, sod cutting, removal, and hauling requires
the same amount of unit effort (man-min/f -) regardless of the initial
mass or particle size.

2. Moisture content is one of the major factors in sod cutting and
renoval; since it affects the cohesion of the sod. The =ffectiveress of
the sod cutte:’ and of the rolling and handling of the sod is influenced
in the following weays.

a. Too much moisture permits the wheels of the sal cutter to
break through the turf. This cuuses contamination of the subsoil. The
rolls fall apart when handled, ceusing spills ard requiring increased
effert. Also, the front wheel treads become clogged with mud. This
cauces a lcss in traction and a complete stoppage of forward progress.

b. Too little meisture in the soil may result in hard spots
and tliese will cause the cutter blade to plane upward, thus ceusing non-
uniform cuts.  In addition, the cod tende £ crumble and hreak, cansing

srills. Relling and handling beccme estremaly difficult if not impos-
sibie. Thus, the effort incriases while effectiveness decreaseas.

3. Efficient removal of cut sod with respect to optimum reclamation
»ffectiveness can Lest be acccmplished by manual methods. This consists
in manually rolling the cut sod irto conveniently sized rolls and, loac-
ing it into a motorized cearxier four transporting and disposal.
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APPENDIX B

PHYSICAL AND RADIOLOGICAL PROPERTIES OF FALLOUT SIMULANT

A sample from each of four batches of simulant (one for each nominal
particle size range) was sieved into several subsizes or fractions.
Each fraction was analyzed to determine certeain physical and radiological
properties. The results of tlese measurements are presented in Tables
B.1 through B.k. Particle size distributions were determined as described
In Section 2.5. Specific activities were measured in the L4-n ion chamber
(Fig. 2.11).

Ideally the radionuclide tagging process in the production of fell-
out simulant would provide a constant specific activity (pc/g) for all
particles in a nominal size range. However, the taﬁging process used
consisted of spraying a solution of radioactive Ial*¥ onto the surface
of the bulk carrier material.” If uniform covercge is achieved, the
amount in microcuries (w:) of radioectivity on a particle will be pro-
porticnal to the surface area. The radioactivi*y can be relat-d to
volume or mass (for uniform material density) for spherical pacrticles
of diameter d as follows:

Activity © Surface _ x d2
Mass Volume x d3 /6

= K (1/d) B.1

vhere K is a proportionality constant between specific activity (ue/g)
and the reciprocal of the particle diameter (1/d). If this idealized
relationship prevailed in yroctice, Eq B.1l wouldi be a straight line with

Vhamn ¥ 2w 13 ~ T L T T (P ) T T S L S R TIP
SACPT A Wl LunCOr COCIULNGNES \SPUCLiiC ACUIViWY Ve recipiccel dianeiesrs).

However, the above idealized inverse proporticnality of activity-mass to
particle diameter is somewhat altered in the actual tagging process be-
cause perticles are non-sphevical or becume agglomerated, These alter-
ations of shifts ir size distributions are shown in the 3rd and 4th
colunns (weight analysis) of Tables B.l through B.k.
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TABIE B.1l

Physical and Radiological Properties of Fallout Simulant Batch No. 1
Having a Nominal Perticle Size Range of 44 u to 88 p

Sieve Size Weight Analysis Rediocactivity Act.
(u. s. (w) Rew Material Tagged Material Analysis é Mass
Mesh) (%) (%) (%)
15G 104 0.6 0.68 v. T4 1.1
170 88 3.1 2.02 1.45 0.72
*
200 Th 33.0 24,59 18.47 0.75
250 62 25,6 25.56 21.98 0.86
270 53 15.2 20.22 20.00 0.99
325 Ly 17.7 22.01 26.17 1.19
Pan < Ly 5.0 L.71 11.31 2.40
92,38 85.62

Date Batch Mixed - 10/10/63
Specific Activity at Mixing Time - 7.6 uc/g

¥Numbers between the lines represent at least 38 % of the material,

£
eallad the Contrcl Porcenioge.
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TABLIE B.2

Physical and Radiological Properties of Fallout Simulant Batch No. 2
Having a Nominal Particle Size Range 88 u to 177 i

e T

8ieve Size Weight Analysis Radicactivity % Act.
(u.s.  (w) Raw Material Tegged Material  Analysis Maes
Mesh) (® (%) (%)

65 208 0.63 3.53 2,066 0.59

80 177 k.56 3.58 2.64 0.74
100 149 12.83 - 0

*
115 125 32,70 38.98 33.47 0.86
150 104 29.40 29.27 30.13 1.03
170 88 12,13 19.53 23.46 1.20
200 Th 6.77 L.71 7.53 1.60
Pan <74 1.13 0.21 0.70 3.33
87.78 87.06

Date Batch Mixed - 10/16/63
Spec.fic Activity at Mixing Time - 11.4 uc/g

*Numbers between the lines represent at least B8 % of the material,

A Ve +*
called the Contrel Percanteoge.
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TABIE B.3

Physical and Radiological Properties of Fallout Simulent Batch No. 3
Having a Nominel Particle Size Range 177 u to 350 p

o S———cr
Sieve Size Weight Analysis Radioactivity Act.
(U.s. (n) Raw Material Tegged Material  Analyslis Mass
Mesh) (%) (%) (%)
35 500 0.03 0.0k 0.063 1.58
Lo L2o Gl 0.22 0.1% 0.63
45 354 5+ 58 *'9‘.'371' 6.7k 0.72
50 297 2L, 27 31.05 24,82 0.8
€0 250 33.80 38.08 37.02 0.97
80 177 31.57 20.22 27.58 1.36
100 149 2.80 _ST;; 2.6 2,72
120 125 Vel 0.12 0.51 k.25
Pan < 125 0.67 0.09 0.49 Sl
98.69 96.17

Date Batch Mixed 9/18/63
Specific Activity at Mixing Time - 29.37 uc/g

*Numpers between the lines represent at least 00 % Of the material,
called the Control Percentage.
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TAB'E B.k

Physical end Radiological Properties of Fallout Simulent Batch No. 4
Having a Nominal Particle Size Range 350 p to TO0 u

Sieve Size __ Weight Analysis Radioactivity Act.
(u.s. (1)  Raw Material Tegged Material  Analysis Mass
Mesh) (%) (%) (%)
25 707 0.1 0.01 0.02 2.0
30 595 1.0 .42 0.30 0.71
*
38 500 12.3 9.25 7.58 0.82
Lo L20 33.3 27.76 24, /0 c.89
4s 354 43.6 51.31 51.24 1.00
50 297 9.1 9.98 13.84 1.39
&0 250 0.5 0.70 1.16 1.66
70 210 - 0.07 0.22 3.1k
Pan < 210 0.2 0.23 1.05 L,57
93.30 97.26

Date Batch Mixed - 9/2L/&h
Specific Activity at Mixing - 12 uc/g

FNumbers becween the lines represen. &: lemst BL % ol The material,
called the Control Percentege.
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Relutive specific activity (% activity/% mass) for the sieve frac-
tions of each batch is given in the last column of Tables B.l through
B.lk. These have been plotted against 1/d (computed from sieve fraction
mid-size) to test the validity of Eq B.1l. The resultant curves are
shown in Fig. B.1l. A logarithmic plot was used in order to provide
convenient comparison of all four batches.

For the curves to obey Eq B.1l, they should all be straight paral-
lel “ines having a common slope of one. This means that on a linear
plot they would also be siraight lines, but each curve would radiate
from the origin at & different (but constant) slope. The curves ir
Fig. B.1l do not at first appear to satisfy these conditions. Review=-
ing Tables B.l through B.4 it is seen that et least 88 % of the mass
and activity of each sample is ccntained in three or four sieve frace
tions. These are shown as solld data points in Fig. B.l and represent
the control percentages.* Straight line curves can be fitted to these
contrclling points as shown by the heavy lines. Furthermore they meet
the above conditicns dictated by Eq B.1l.

#*The control perceatages (shown at the botiom of the tables) include
the fractions within the nominal Particle Size Range and, in some
cases, one sdditional fraction if it approaches 10 % of the sesple
wvelght.
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APPENDIX C

RAW TEST DATA

7.1 RADIATION DATA

Tables C.1.1-C.1l.12 present for each test the radiation measure-
ments obtained at the mcnitoring locations (see Fig. 2.6) on the test
area. The measurements have been beckground-correc’.ed and decay-cor-
rected to the zero time indicated in the upper left-hand portion of
the table. All measurements were taken with the mobile shielded gamma
detector deszribed in Chapter II o” this report.

C.2 COMPIIATION QF BASIC DATA

The sod cutting and removal e.periments were timed in detail for
each phase (cutting, removing and hauling) of the operation. Table
C.2 presents the raw data as time in minutes required to complete each
prhase of the tests, The total productive time is the summation of the
times expended during each phase. The elapsed time is the recorded
time from the beginnirg to the end of a test and Includes non-productive
time. Therefore, the latter is the difference between the elapsed time
and the total productive time.




Corrected Data for Sod Cutting and Removal

Test No. 1
Date, )/17/63

Zero Time 9/17/1200

TAPLL C.1.1

Particle Size 177-35C u
initial Mass 25.2 g/fte
Test Section Size 504 f£t2

Radiation Reedings (c/m)

25478 32189
(1) (2)
12565 L7537
(N (8)
33331 39uk0
(13) (1%)
Average 37400 + 6566

858 563
(1) (2)
706 1070
(7) (8)
zko 1279
13) (34)

Average 992 + 452

% Removed 96.5 + 1.86

Initial
31843 32083
(3) (4)
43670 41857
(9) (10)
397hk 43884
(15) (16)
Residual
521 516
(3) (4)
2065 1028
(9) (10)
501 815
(15) (16)

31509
(5)

5097
(1)

42936
(17)

588
(5)

1652
(11)

1543
(17)

(6)

32720
(12)

38870
(18)

8u8
(6)

1480
(12)

1034
(18)

Note: Numbers in parenthesis designite monitoring stations.
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TABIE C.1.2

Corrected Raw Data for Sod Cutting and Removal

Test No. 2 Particle Size 177-350 4
Date, 9/18/63 Initial Mass 51.8 g/ft
Zero Time 9/17/1200 Test Section Size 504 £t2

Radiation Readings (c/m)

Initial
85618 97006 92118 87589 77113 68487
(1) (2) (3) (4) (5) (6)
367 105315 108815 102978 97089 69781
(7) (8) (9) (10) (11) (12)
93997 112213 109200 109566 114794 134747
(13) (1) (15) (16) (17) (18)
Average 97830 + 16590
Residual
3110 2205 1215 1352 901 1078
(1) (2) (3) (L) (5) (6)
1419 1479 2269 2524 1661 1607
(7 (8) (9) (1c) (11) (12)
1169 2435 1583 1784 1930 1268
(13) (1%) (15) (16) (17) (18)

Average 1723 + 584
% Removed 98.2 + 0.95

Note: Numbers in parenthesis designate monitoring stations.
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TABIE C.1.3

Corrected Rew Data for Sod Cutting and Removal

:
.

Test No. 3 Particle Size 177-350 B '
Date, 9/19/63 : Initiel Mass 92.3 g/ft
Zero Time 9/17/1200 Test Section Size 504 £t2

Radiation Readings (c/m)

Initial
198860 187352 200374 175031 188276 184266
(1) (2) (3) () (5) (6)
162261 176612 178436 171261 170270 155920
(1) (8) (9) (10) (11) (12)
165239 186439 192999 186401 167857 158170
(13) (14) (15) (16) (27) (18)

Average 179227 + 13300

Residual
31*§1+ 3254 2207 1994 3233 2833
(1) (2) (3) () (s) (6)
2207 2755 1888 2512 2,98 4188
(7) (8) (9) (20) (11) (12)
3151 3608 1923 4507 1301 2207
(13) (14) (15) (16) (17) (18)

Average 2739 + 857
% Removed 98.5 + 1,72

Note: Numbers in parenthesie designate monitoring stations.
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TARLE C.l.k4
Ccrrected Raw Data for Sod Cutting and Removsal
Test No. 4

Date, 9/24/63
Zero Time 9/2k/1200

Particle Size 350-700 5
Initial Mass 21.6 g/ft
Test Section Size 504 ft2

Radiation Readings (c/m)

lpitial
42605 47030 5551 46935 47066 33053
(1) (2) (3) (L) (5) (6)
35049 32993 k1003 43058 43455 41859
(7) (8) (9) (10) (12) (12)
Los8k 43591 42693 41911 39854 37255
(13) (14) (15) (16) (17 (18)
Average 41419 + LkoO
Regidual
653 632 452 593 496 k90
(1) (2) (3) (L) (s) (6)
66l 231 560 Lo2 323 258
(1 (8) (9) (10) (11) (12)
22l 2u46 624 520 228 168
(13) (14) (15) (16) (17) (18)

Average 431 + 173
% Removed 9879 + 0.46

Note: Numbers in parenthesis designate monitoring estations.

51




i

) RS

TABLE C.1.5

Corrected Raw Data for Sod Cutting and Removal

Test No. 5 Particle Size 350-70Q u

Date, 9/25/63 Initial Mass 50 g/ft®

Zero Time 9/24/1200 Test Section Size 50k £t
e -

Radiation Readings (c/m)

Initial
87616 93946 95570 92637 84206 87581
(1) (2) {(3) (L) (5) (6)
59408 71306 81297 82731 88656 83159
(7 (8) (9) (10) (12) (12)
84626 83425 71217 72994 75583 7316
(13) (1%) (15) (16) (17) (18)
Average 81620 + 9400
Regidual
806 T1€6 1007 1049 970 1310
(1) (2) \3) (&) {5 (é)
2203 8€1 1191 958 723 928
(7 (8) (9) (10) (11) (12)
2207 1859 763 08 906 2002
(13) (1) (15) (16) (17) (18)

Average 1188 + 511
% Removed 98.5 + 0.77

Note: Numbers in peren:hesis designate monitoring stations.
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Corrected Raw Data for Sod Cutting and Removal

Test No. 6
Dave, 9/26/63

Zero Time 9/24/120C

TABIE C.1.6

Particle Size 350-700 ut
Initinl Mass 9% g/ft8
Test Sestion Size S04 ft©

Radiation Readings (c/m)

129982
(1)

139335
(7)

143819
(33)

Average 133076 + 14720

721
(1)

1811
(7)

1091
(13)

137913
(2)

1€1158
(8)

132400
(14)

2123
(2)

1596
(8)

1106
(14)

Average 149% + 517

% Removed 98.3 + 0.59

Initial
133226 131733
(3) (&)
16515 155936
(9) (10)
121894 122525
(15) (16)
Residual
869 1079
(3) (4)
1970 453
(9) {10)
2127 1386
(15) (16)

93721
(5)

116746
(11)

108311
(17)

1345
(5)

2094
(11)

1768
(17

126607
(6)

130540
(12)

(18)

2367
(6)

659
(12)

W12
(18)

Note:

Mmbers in parenthesis designate monitoring stations.,




TABLE C.1.7
j Corrected Raw Data for Sod Cutting and Removal
Test No. 7 Particle Size 44-88 u
Date, 10/9/63 Initial Mass 23.4 g/ft2
Zero Time 10/8/1200 Test Section Size 504 £t2
Radiation Readings (c/m)
Initial

50860 €9999 72098 64207 65292 L5504
(1) (2) (3) () (5) (6)

56355 63kl 59842 79439 6539 6:800
(7) (8) (9) (10) (11) (12)

46859 56072 XT3 71588 63248 5854€
(13) (14) (15) (16) (1) (18)

Average 62001 + 8785

Residual

3cl 374 448 623 766 948
(1) (2) (3) () (5) (6)
895 631 551 L35 b 436
(7) (%) {9) (10) 1) (12)
L8z 453 728 &7 432 696
(13) (14) (15) (36) (7) (18)

Average 509 + 185

% Removed 99.1 + 0.47

Note: Numbers in parenthesis desigrate monitoring etations.
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TABLE C.1.8
Corrected Raw Data for Sod Cutting and Removal
Test. Koc. 8

Dete, 10/10/63
Zero Time 10/8/1200

Particle Size 44-88 B
Initial Mass 50 g/ft
Test Section Size 504 £t°

Radiation Readings (c/m)

Initial
104831 105322 114110 108147 10847k 96452
(1) (2) (3) (k) (5) (6)
108649 111812 121414 117176 110996 108353
(7) (8) (9) (20) (11) (12)
% és3 104299 112241 106431 113060 95C 6
(13) (%) (15) (16) (17) (18)
Average 107860 + 7205
- Reaidug;
897 811 1142 889 1163 ghly
(1) .2) (3) u) (5) (6)
1920 967 Q8L 889 595 788
(1) (8) (o (10) (11) (12)
b15 678 959 661 839 924
(13) (14) (15) (16) (17) (18)

Average 915 * 311
% Removed 99.0 + 0.42

Note: Numbers in parenthesis Jesianate monitoring stations.
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TABLE C.1.9

Corrected Raw Data for Sod Cutting gnd Removal

Test No. 9 Particle Size 44-88 p

Date, 10/12/63
Zero Time 10/8/1200

Rediation Readings (c/m)

Initial Mass 109.9 g/ft2
Test Section Size £t2

274590

(1)

287443
(1)

253824
(13)

1834
(1)

2215
(7)

1999
(13)

Initial
3g0689 290997 300121 316287
(2) (3) (k) (5)
307592 320321 321797 322068
(8) (9) (10) (11)
276143 282735 288433 281846
(1k) (15) (16) (17)
Aversge 390133 + 23710
Residusal
3651 2630 7 1833
(2) (3) (L) (5)
2232 5542 6264 3165
(8) (9) {10) (11)
1658 4314 3455 2852
(14) (15) (16) (17)

Average 2868 + 1202
% Removed 99.3 + 0.42

271476
(6)

260201
(12)

245848
(18)

2278
(6)

2278
(12)

1771
(18)

Note:

Numbers in parenthesis designate ..onitoring stations.

56




TABIE C.1.10

Corrected Raw Data for Sod Cutting and Removal

Test No. 10 Particle Size 88-1T7 u
Date, 10/16/63 Initiel Mass 24 g/ft?
Zero Time 10/15/1200 Test Section Size 504 £t2

Radiation Readings (c/m)

Initial
58599 63629 61769 68951 658}2 61605
(1) (2) (3) (4) (5) (6)
66292 68806 69655 65994 64222 50298
(7) (&) {¢; (10) (11) (12)
60596 54736 60663 54405 N.D.
(13) (1) (15) (16) (17) (18)
Average 59797 * 5617
Residugl
N.D. 12k 1013 661 1k22 517
(1) (2) (3) (%) (5) (6)
1029 %€l 845 879 695 763
(7) (8) (9) (20) (11) (12)
L6 763 1645 1705 938 N.D.
(13) (14) (15) (16} (i (18)

Average 1002 + 388
% Removed 98.3 + 1.02

Note: thummbure ip p o »athesis designate monitoring stations.
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TABLE C.1.11

Corrected Raw Data for Sod Cutting and Removal

Test No. 11
Date, 10/17/63
Zero Time 10/15/120C

Particle Size 885-177 u
Initial Mass 60.9 g/1%2
Test Section Size 504 f£t2

Radiation Readings (c/m)

170618 187336
(1) (2)
170238 202711
(7) (8)
149Ak21 162060
(13) (1)

Average 172913 + 12030

1575 2363
(1) (2)
Wz 1511
(7) (6)
1631 1482
(13) (14)

Average 1813 + 339
% Removed 8.5 + 0.92

Initial
179813 176831 183546 163643
(3) () (5) (6)
180269 175282 180538 16€146
(9) (10) (1) (12)
16852k 170075 166229 158968
(15) (16) (177 (18)
Residual
2331 1264 1929 205k
(3) (i) (5) (6)
2115 1958 1527 1676
(9) 10) (11) (12)
205y 1551 181k 2317
{15) (1€) () (18)

Note: Numbers in parenthesis designste monitoring staticns.




TABIE C.l.12

Corrected Raw Data for Sod Cutting and Removal

Test No. 12
Date, 10/18/63
Zero Time 10/15/1200

Particle Size 88-177 u
Initial Mass 98.5 g/ft°
Test Section Size 504 ft=

Radiation Readings (c/m)

206707 244683 235855 25251 :§09)8
(1) (2) (3) (L) (5)
160617 158086 184589 169815 N.D.
(7) (8) (9) (10) (11)
124205 213824 236378 250953 257234
(13) (14) (15) (16) (17)

Average 206676 + L2l20
ggsidual
2736 361 2931 2305 3180
(1) (2) (3) (&) (5)
1889 1381 2149 2345 N.D.
(7) (8) (9) (10) (1)
2821 7998 6184 8186 5139
(13) (14) (15) (16) (17)

Aversge 3610 + 2037
% Removed 98.8 + 1.37

168518
(6)

157477
(12)

228299
{18\

N——

3521
(6)

2590
(12)

2718
(18)

Note: Numbers in parenthesis designate monitoring
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TABLE C.2

Time and Motion Data

Teat  No. of No. of Time (minutes)

No. Strips Pay-losder Cutting Removing Heuling  Total Eiapsed Non~
Trips (1 mxrs (1 man) (1 man) Productive Productive
177-350 u Particle Size Range
1 16 3 7.32 16,35  11.7 35.37 Lo.o L.63
2 15 4 6.02 9.67 11.8 27.49 30.0 2.91
3 17 N 6.52 10.33  13.9 30.75 35.0 4,25
Ave. 1€ 3.67 €.62 12,12 12,47 31.20 35.0 3.8
350-700 u Particle Size Range
b 15 L 6.03 10.70  13.9 30. 63 36.0 5.37
5 16 L 5,52 2,12 13.9 32.54 37.0 L. 46
6 16 b 6.93 12,63  13.2 32.81 k1.0 8.19
Avg. 15.67 4 6,51 11.82  13.67 32.0 38.0 6.00
LL-88 u Particle Size Range
7 16 4 6,42 9.6¢  12.5 28,58 36.0 SR 'Y
8 16 i 7.22 10.47 12,7 30.39 33.0 2.63
9 16 i 6,32 11 97 11.°2 29.49 37.0 7,51
Avg. 16 L £, 65 10.70  12.13 29.49 35.3 5.85
83.177 u Particle Size Range
10 42 5 8.40 1k.28% 13,40 36,08 Sk.0 17.92
11 22 L 6,87 21.05% 10.25 38.17 51.0 12.83
12 be 5 13.93 24, 00%  1¢.10 L8, 52.0 3.
Avg. 36,67 b, 3,40 19.98% 11,25 LW, "3 52.3 1.9

¥Wn tests 10-17 an auditional man vas used during removal phase.




APPENDIX D

CONVERSION OF RADIATION MEASUREMENTS TO CORRECTED ZERO-TIME COUNTS
AND MASS UNITS

D.1 ZERO-TIME COUNT CONVERSION

Because the amount of radiation from tracers such as Ialuo varies

with time, it is customary to normalize radiation measurements to a
common reference or zero-time. For these tests zero time was usually
taken as 1200 hrs on the Gay the simulant was produced. For a given
week of testing, the survey data were converted to zero-time as follows:

_  Starting with an average raw count X, the corrected zero-time count
X, may be derived rrom the following expression:

% = X (std. Factor) - (Nat.
c Decay Factor

The standard factor compensates for fluctuations in instrument re-
sponse by adjusting all raw counts (X's) with respect to a standard Co
source. The standard factor is computed from the ratio of readings taken
from this source. Thus,

18,000 cpm

Std. Factor = ‘&
Avg Co ~ reading

where 18,000 is an arbitrary reference value approximately equal to the
expected daily average standard count. The denominator is the average
of standard counts taken before and after the survey values comprising
X are obtained.

The decay factor simply corrects for the known decay characteristics
of the Lal¥0 tracer. The decay factor is based on the 40.2-hr half-life
and is celculated over the time interval extending from the selected
zero-time to the mid-time of a given test run.
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The background count is made up of two values. The first is the
natural background which is the calibrated response of the instrument.
Natural backgroun’ 1» ¢ constant value of 22 cpm (for the instrument
used end described in Section 2.7). Tbe second is the artificial calcu-
lated background csused by residual contamination from previous tests.
It tends to increase during a series of tests. All averages of raw
background counts must be adjusted for instrument response, radioactive
decay and natural background in the same way as X velues. This converts
these average readings to the corrected artifical background value shown
in the abowve expression Zfor Xc.

D.2 RADIATION TO MASS UNIT CONVERSION

Since land reclamation data is interpreted in terms of mass loading,
it war recessary to convert the ebove, corrected radiation counts into
muss units of grams per square foot. Initial mass loading values Mo
were obtained directly by weighing the simmlant dispersed over known
areas. Obviously this was not possible for procuring residual mass
loadings after reclamation.

The residual mass (g/ﬁ'. ) was determined as follows. Starting with
the corrected initial zero-time count T and the corrected residual zero-
tine R, the residual mass M was derived from the expression:

M=R (M/1)

This, of course, assunes that the ratio of mass loading to radiation
intensity 1s a constant for a given batch of simulant. The ratio M /'I'
provides the esti. ate of this constant.
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APFENDIX E

OPERATING CHARACTERISTICS OF RYAN SOD CUTTER, JR.

The information listed below was obtained from the manufacturer's
information brochures describing the Ryan Sod Cutter, Jr.

Cutter Model - Ryan, Jr. (JR 3)
Manufacturer -~ Landscaping Equipment Compeny
Division of K and N Machine Works, Inc.
871 Edgerton Street
St. Paul 1, Mirnesota
Engine - Gasoline, 5-1/2 h.p., k-cycle, Briggs & Siratton
Cutting Speed - up to 100 ft/min
Cutter Blade - 12 in. wide
Thickness of cut - Adjustable depth 1/L-2-1/4 in.
Controls - Engine clutch and throttle located on handle
Gears - One forward speed plus neutral
Drive Wheels - Two k=-1/2 x 8-in. solid rubber "knobby" tread tires
Weight - 245 1b
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