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ABSTRACT

Project SCHOONER, a nuclear cratering event with approximately eight to
ten times the yield of two previous Nevada Test Site cratering events, PALANQUIN
and CABRIOLET, offered the opportunity to further investigate radiation doses and
short-term effects to vegetation and the environment, where a larger affected
area was anticipated and where topography might be expected to further influence
the results of close-in fallout.

Specially constructed dosimeters were placed at 92 Tocations, forming
an arc with a radius of approximately 1.7 to 2.0 km, beginning about 12 degrees
~west of north with respect to GZ. This arc was about 3.35 km long with a mean
distance between dosimeter stations of 36 meters. Dosimeters were positioned in
vertical arrays at 25 cm, 1 meter) and 3 meters above the surface away from
shrubs, as well as on the soil surface, and on shrubs. To determine whether pre-
venting direct fallout from reaching the shrubs would protect them, polyethylene
sheets were placed over shrubs at alternate stations.

Twelve days after detonation the dosimeters were removed from the
field and the protective sheets were removed. No effects were observed on the
vegetation except a dusty covering on the unprotected shrubs. In April (D p1u§
4 months) the first effects attributable to radiation were noted. During the
following months at the center of the fallout pattern all Artemisia Shrubs Tlost
their leaves and died except those which had been covered with plastic sheets.
Elsewhere along the arc there was a “skirting effect" in which the lower parts
of larger shrubs were defoliated while the tops remained near normal. Small
shrubs were completely killed. Increasingly larger shrubs were killed with
higher doses. Beyond the dosimetry arc, a helicopter survey allowed an assess-
ment of the extent of vegetation damage. South of the crater, study sites were
established in the most diverse environments resulting from the crater formation.
Vegetation analysis at these sites showed successional changes which might be ex-
pected to return the area to condi tions approximating undisturbed conditions.
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1. INTRODUCTION

Project SCHOONER, a nuclear excavation experiment in a layered tufface--
ous medium, offered an opportunity to investigate radiation doses to the Tocal
environment from a device approximateiy eight to ten times as large as those used
in PALANQUIN and CABRIOLET, two previous nuclear cratering projects in the PLOW-
SHARE program. SCHOONER was detonated on 8 December 1968 in the northwest corner
of Nevada Test Site (NTS) in Area 20 and a few miles north of the PALANQUIN and
CABRIOLET sites. The yield was 31 + 4 kt, and the resulting crater had the fol-
lowing dimensions:

1. Radius of apparent crater 129.8 meters

2. Maximum depth of apparent crater '63.4 meters

3. Average apparent crater lip crest height 13.4 meters

4, Radius of appakent’]ip crest 147.2 meters

5. Radius of outer boundary of continuous ejecta 539.0 meters
1.1 TOPOGRAPHY AND VEGETATION

The area immediately around the SCHOONER;GZ is flat, but at distances of
1500 to 1800 meters to thé north and somewhat farther to the northeast - there is
a canyon with a bottom some 60 meters Tower in elevation. The canyon width
varies from 250 to 370 meters, and the canyon bottom is flat, allowing access
with four-wheel-drive trucks for the placement of dosimetry stations. Outside
the canyon there is very little soi], and the surfaces are mostly odtcroppings of
nearly flat-lying welded tuff. In the canyon bottom are alluvial 1ayeﬁ$ in gen-
erally dry stream beds. Above the canyon the vegetation is dominated by Artemisia
tridentata and A. arbuscula subsp. nova. In the canyon, dominance is shared with
Atriplex canescens. These Artemisia $pecies were important to this study because
they also occurred at PALANQUIN and CABRIOLET and were the subject of investiga-
tion of radiation effects from those events. Approximate1y some 16 perennial
shrub species are also found in the SCHOONER fallout pattern. These are listed
in Appendix A. Juwriperus osteosperma which was of interest at PALANQUIN and
CABRIOLET did not, unfortunately, occur at SCHOONER, which was at a sbmewhat
Tower elevation. ‘




It should be pointed out that the topography in the immediate downwind
area of SCHOONER was quite different from that at either PALANQUIN or CABRIOLET.
At those two experiments the direction of the fallout distribytion was parallel
with the directions of canyons, and the fallout occurred mainly along ridges.
At SCHOONER, however, at the distances at which the dosimeters were placed, the
canyon roughly encircled the GZ across the north and northeast, which was neces-
sarily transverse to fallout originating at GZ. As will be discussed later,
these conditions were of signficance in interpreting differences noted between
SCHOONER and earlier close-in fallout studies of areas downwind to nuclear cra-
tering experiments.

1.2 HISTORY AND BACKGROUND

~ The two earlier events in the PLOWSHARE program, PALANQUIN and CABRIQLET,
both provided evidence of radiation damage to the vegetation in the close-in fall-
out patterns. Project PALANQUIN, which was detonated 14 April 1965, used a small
device of about 4 kilotons that produced a crater approximately 350 feet in di-
ameter. Vegetation in the immediate downwind vicinity was estimated to have re-
ceived high (kiloroentgen) doses of radiation!. On the margins and downwind ex-
tremities of the radiation pattern and in other parts as well, howevér, the
nature of the damage to the vegetation and the low estimates for the gamma doses
indicated the damage was in a large measure due to beta radiation. At Station
K-5 (Reynolds Electrical and Engineering Company radiological safety monitor sta-
tion) 2.05 miles downwind from GZ, the estimated infinite gamma dose was 370 R*.
At that location all Artemisia shrubs were dead in July 1967, 27 months after
D-day.

Although gamma radiation doses to the vegetétion could be calculated
from the radiological safety monitoring which accompanied the experiment, these
dose estimates were necessarily based on decay rates which were known to vary from
place to place. Beta dose estimates would be much less reliable since they would
have to be made by multiplying the estimated gamma doses by factors derived from
a theoretical ratio of the beta dose to the gamma dose. The estimated values for
these ratios have been 1argé2.

*Estimated by Thomas A. Gibson, Jr.,'K. Division, Lawrence Radiation Laboratory.



As a conéequnce of the PALANQUIN study, the CABRIOLET'eveﬁt, 26 January
1968, was also investigated. CABRIOLET was a cratering experiment using a dev-
ice of 2.3 + 0.5 kt. It occurred about 800 meters east of PALANQUIN. For
CABRIOLET, dosimeters especially designed to distinguish between béta doses and
gamma radiation doses were placed at 58 locations on D minus 1 day in order to
assure better information on doses to the vegetation. These dosimeters were re-
covered from the fallout pattern on D plus 11 days. The total doses were very
low compared to the doses estimated for areas at similar locations relative to
PALANQUIN GZ, but damage to the vegetation was again detected, although it was
restricted to a small area. On the basis of the dosimetry, the doses in the part
of the fallout pattern where damage was noted were also attributed largely to
beta radiation, since the ratios of beta doses to gamma doses ranged from 6.0 to
12.5.

This appears to have been the first extensive measurement of beta doses
in a fallout field, particularly under conditions which would permit attributing
such doses to exposed vegetation.

1.3 OBJECTIVES

The objectives of the SCHOONER study were similar to, and in large meas-
ure influenced by, the study of radiation doses and short-term effects on vegeta-
tion conducted at CABRIOLET. The four primary objectives were:

1. To measure with precision the radiation doses to the vegetation
from both beta and gamma radiation from fallout close-in to GZ,
and to obtain some indication of the beta fluxes, often referred
to as the "beta bath", from the ground surface to 3.0 meters above
it. "

2. To detect plant damage and correlate it with doses which could be
attributed to the vegetation, and to report the short-term (few
months) and long-term (years) radiation effects.

3. To assess vegetation damage in terms of radiation levels encoun-
tered and compare the results with those from the two preceding
events, PALANQUIN and CABRIOLET,




To investigate the use of shielding to prevent radiation damage
to shrubs from direct fallout deposition. Since beta doses at
CABRIOLET were postulated to be an important cause of damage to
the vegetation, it appeared that any protective material which
would prevent fallout particles from reaching the surfaces of
shrubs might also prevent some beta radiation damage.



2. PROCEDURE

il DOSIMETRY TECHNIQUES

Most of the objectives of this study required the same type of inten-
sive dosimetry program undertaken in the CABRIOLET study, plus certain refine-
ments in measurements and the design and deployment of dosimeters. The SCHOONER
dosimetry program is documented in detail in Appendix B. This section summarizes
the design, fielding, and recovery of dosimeters.

Special thermoluminescent dosimeters, slightly modified from those used
at CABRIOLET® and capable of distinguishing between doses from beta radiation and
gamma radiation, were used to determine doses to vegetation. The dosimeters were
covered with black opaque Mylar light shields to prevent the degradation of re-
corded dose by fading in sunlight, a process that handicapped the CABRIOLET dosi-
metry. In addition, lead shields placed above or below the dosimeter ships were
used to more precisely delineate the origins of the beta doses.

Experience at CABRIOLET suggested that dosimeters positioned 3 to 4
meters above the surface would be above the beta "bath". In a further attempt to
distingush the beta energies encountered and the sources of beta doses to plants,
dosimeters were placed 3 meters above the surface, as well as at the surface and
at 25 cm and 1 meter above the surface. The dosimeters were held on a vertical
wire between upper and lower side arms on steel fence posts bolted together to
provide sufficient height, as shown in Fig. 1. The wire stringer held the dosi-
meters between side arms away from the posts, thereby reducing the shielding
masses near the dosimeters and Timiting the surfaces on which fallout pérticles
could be retained to essentially the surfaces of the dosimeters themselves, the
soil surface, or the surrounding vegetation.

Although tests in the laboratory and in open sunlight at Santa Barbara
indicated there was no loss of dose from dosimeters left unread for extended
times, one further test was made for loss of dose before readout. In this test,
strings of dosimeters were placed outside the Civil Effect Test Operations (CETO)
Laboratory at Mercury, Nevada, concurrently with the fielding of SCHOONER dosi-
meters. These dosimeters, which had been given standard doses of 500 rads in
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the laboratory at Santa Barbara, were .collected for readout at the same time as
the SCHOONER dosimeters.

2.1.1 ’: Location and Placement of Dosimeter Stations

An attempt was made to locate the dosimeters where the highest doses
would be observed, but beybnd the larger masses of material from throwout and
base surge. For this purpose, it was feasible to use the canyon described prev-
iously, located north and northeast of GZ, and which forms an irregular semi-
circle from west to east (see Fig. 2). This Tocation was calculated to be about
the same relative distance as that at which dosimetry had been placed at CABRIO-
LET, based on ‘the cube root of the kilotonnages* of the two events.

Dosimeters were placed at 92 locations, forming an arc with a radius of
approximately 1.7 to 2.0 km, beginning about 12 degrees west of north with res-
pect to GZ. This arc was about 3.35 km long with a mean distance between dosi-
meter statfons of 36 meters. A1l dosimeters except those on shrubs covered with
polyethylene (Section 2.3) were placed in the field November 12-14, 1968, in an-
ticipation of an earlier D-day. The locations of the dosimetry stations are
shown in Fig. 2, which also indicates the crater, the plateau around the crater,
and the canyon on the north and east of the plateau.

2.1.2 Recovery of Dosimeters

Dosimeters were removed from the field 20 December 1968, on D plus 12
days, and returned to the laboratory at Santa Barbara for reading by the same
methods used previously (see Appendix B).

At the time the dosimeters were collected, radiation dose rate readings
were made at each dosimeter station by Reynolds Electrical and Engineering Com-
pany (REECO) radiological safety monitoring personnel in the conventional manner,
j.e., with an instrument probe held about 1 meter above the ground surface. The
purpose was to allow evaluation of the usefulness of such methods as an indica-
tion of the total dose compared to the doses integrated by the dosimeters.

2.2 FALLOUT COLLECTION

For the purpose of estimating the total amount of material deposited

-7-
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at each dosimeter station, collectors were placed at each location. The collec-
tors consisted of 1/4-meter-square plywood sheets covered with a layer of poly-
ethylene sheet topped with a double layer of cheesecloth. The board was covered
in such a way as to allow the plastic sheet to be loosened from the back of the
board and drawn with the edges together into a "bag" with the cheesecloth
inside.

Dosimeters for recording "surface doses" were fastened to the center of
each fallout collector. | A

2.3 PROTECTION OF VEGETATION FROM PARTICULATE FALLOUT MATERIAL

At each even-numbered dosimetry station, a polyethylene sheet 0.15 mm
thick and approx1mate]y 6 meters square was placed over as many Artemisia shrubs”
as could be conveniently covered. The sheets were held down by soil shoveled on
their margins. At the same time, four dosimeters were placed on the shrubs under
the plastic covers as well as on nearby shrubs which were not covered. This was
completed November 30, 1968 (D minus 8 days). The covers were removed from the
Vegetation on D plus 12 days, at the same time the dosimeters were removed from
the field.

2.4 ASSESSMENT OF EFFECTS ON VEGETATION ALONG THE DOSIMETRY ARC

Examination of the vegetation began at the time of removal of dosimeters
from the field. Evaluation of effects was done in a number of ways.

From Appendix A it will be noted that a relatively large number of per-
ennial shrubs grow in the area. However, Artemisia was the only species which
occurred with sufficient frequency to provide an adequate analysis, that is, to
. provide sufficient numbers for any statistical treatment. For this reason the
vegetation study was primarily concerned with Artemisia. Outside the area along
the arc of dosimeter stations, other shrubs were utilized where purely descrip-
tive analyses could provide a more general picture in the relatively large area
affected by SCHOONER.

The first examination was a simple visual comparison of vegetation in
and out of the fallout pattern. Thereafter, these comparisons continued at
monthly intervals, as weather conditions permitted, until manifestations of dam-
age were noted,




With the first evidence of changes in the vegetation near the center of
the fallout pattern — changes which could be attributed to fallout radiation —
several more detailed methods were employed.

In August 1969, the dosimeter support stake at each station was used as
the center point for a five-meter-radius circle in which all Artemisia shrubs
were classified according to five categories of'damage by means of visual esti-
mates. From earlier experience at CABRIOLET3 it was shown, for example, that the
absence of inflorescence development (the growth of branches on these shrubs
which in succeeding months, usually September, carries the flowers) was a char-
acteristic sign of radiation damage. A second characteristic evidence of damage
'was the loss of leaves. Shrubs could therefore be categorized as follows:

1. 0% - No visual damage, shrub with normal inflorescence
development.

2. 25% - Approximately 25% of the shrub showing damage viz., loss
of leaves approximating that amount and showing suppressed in-
florescence development or absence of inflorescence development.

3. 50% - Approximately 50% of the shrub showing-damage as in
Category 2.

4. 75% - Approximately 75% of the shrub showing damage as in
Category 2.

5. 100% - Dead, i.e., completely defoliated, or remaining foliage
dry and gray-brown and subject to fall when disturbed.

'This same damage survey method was repeated later at each dosimeter
station over an area with a 10-meter radius in order to increase the sample
size. ' '

In the part of the fallout pattern with significant effects, a further
analysis of conditions in Artemisia was made. At each station about 100 shrubs
were measured for size using meter sticks. The height was taken and two diame-
ters at right angles were measured. With these measurements and the assumption
the shrub was a'cylinder, the volume was calculated using the mean of the two
diameters as the diameter of a shrub. This last evaluation was made in April
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1970, at which time there was no longer any uncertainty as to whether plants
were alive or dead (Categories 1 and 5, respectively). The examination there-
fore involved primarily three estimates, that is, the placement into the cate-
gories of 25%, 50%, or 75% defoliation.

25 ASSESSMENT OF DAMAGE AT LOCALITIES OTHER THAN DOSIMETRY STATIONS

In an attempt to assess the extent of damage beyond the arc of dosimeter
stations to which the above investigation had been restricted, most of the area
outside the 1-mile radius from GZ was surveyed in two ways. The area immediately
downwind of the fallout pattern was covered extensively on foot, or by truck
where the terrain permitted. Because the damage zones extended into some very
rough terrain, the services of a helicopter and pilot were secured. From a heli-
copter vegetation could be examined from relatively short distances with great
mobility, and a map could be drawn which in a general way outiined the areas
around GZ in which vegetation damage was detected. The examination by helicopter
was made in January 1970, 13 1/2 months after D-Day, which was sufficient time
for one complete growth cycle. During this time, defoliation became nearly com-
plete on killed shrubs. Among those which were only damaged, some recovery in
the form of new growth could be observed. This was not sufficient time, however,
for regrowth to obscure the damaged conditions to the extent of complicating
damage estimates unduly. |

2.6 ASSESSMENT OF VEGETATION DAMAGE SOUTH (UPWIND) OF SCHOONER CRATER

During October 1970 an assessment was begun of conditions in the vege-
tation upwind to the GZ in the regions affected by base surge material. The
survey extended into areas where the radiation background was normal and where
the vegetation was unaffected.

Five sites were selected to represent the broadest spectrum of post-
detonation environments which might result from a nuclear cratering experiment
(see Fig. 3). The first site chosen was about 50 meters west of the crater lip
itself, a new and obviously sterile environment with a very heavy overburden of
crater ejecta, and a relatively high radiation area. The second site chosen was
at the approximate boundary of continuous overburden, an area with a few centi-
meters of fine dusty material and scattered large boulders. The area was one

sl
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which had been subject to shock, blast, and bombardment sufficient to destroy
most of the above-ground parts of perennial shrubs. The third site was princi-
pally beyond the crater-ejected material, without blast or overburden but within
the base surge where large radiation doses had killed all Artemisia. The fourth
site chosen was essentially at the periphery of the base surge at a point where
approximately 50% of all Artemisia shrubs were defoliated and dead in October
1970. The fifth site chosen was farther south and beyond the area visibly af-
fected by SCHOONER. This site served as a nonirradiated, nondisturbed control
area.

At each site triplicate 5-meter-radius circles were established within
which each Tiving perennial and annual plant was identified and the approximate
surface area it covered was measured. From these data the frequency of occur-
rence of a particular species could be calculated as well as the proportionate
part of the area covered by each individual species within the 78.5 square meters
encompassed within each circle.

Details of density and cover calculations, with a complete Tist of
species, are given in Appendix C.
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3. “RESULTS

3.1 POST-SHOT CONDITIONS ALONG THE DOSIMETRY ARC

When the dosimeters were removed from the field on D plus 12 days, the
ground was covered intermittently with a thin layer of snow (see Fig. 4). How-
ever, since the snow apparently did not fall until December 15 or 16 (D plus 7
or 8 days), it could not have had the large effects on the total dose which
might have been expected had a mantle of snow covered the area at the time the
fallout was deposited. (ESSA* reported only 0.25 inches total precipitation for
Pahute Mesa for the entire month of December 1968.)

Both the soil surface and vegetation along the northeastern segment of
the arc of dosimeter stations were covered with a 1ight gray dust. Because of
the snow, the high winds after shot time, and the diurnal freeze-thaw cycles,
snow and fallout material were often intermixed at the soil surface. For this
reason it was not practical to use the surface fallout collectors which had been
placed in the field for the purpose of estimating total fallout. Some had been
swept clear of fallout by the winds and some contained small drifts of fallout-
snow mixtures, often frozen into icy cakes. Similarly, the polyethylene sheets
covering the shrubs often had mixtures of snow and fallout on their outer sur-
face, sometimes frozen into large heavy cakes. The margins of the polyethylene
sheets were frequently frozen to the soil surface by ice formed from melting
SNOW.

Because of these conditions the plastic sheets were pulled off the
shrubs with the ice and fallout material stillon them and left in loose rolls at
one side of the area they had previously covered. Despite evidence of high winds
in the area, essentially all the polyethylene sheets were intact. Only on the
eastern portion of the arc, at the mouth of the canyon, was there damage to the
shrub covers, and this, fortunately, was in an area with very low doses — too
low to be of interest to this study.

*Environmental Sciences Service Administration
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Fig. 4 Recovery team collecting dosimeters from field on D plus 12 days. The
splotches of snow in the foreground are remnants of the snowfall which
blanketed the area on 15 and 16 December (D plus 7 or 8 days).
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3.2 COMPARISON OF THE INTEGRATED GAMMA DOSES WITH THE DOSE RATE AT D PLUS
12 DAYS
Readout of the gamma dosimeters positioned at the surface and at 25 cm,
1 meter, and 3 meters above the surface indicated there was little difference
among the doses occurring at these levels. Figure 5 shows the mean gamma doses.
(More complete dosimeter readings are shown in Appendix B.)

The highest dose measured (950 rads) occurred at two stations located
about 10 degrees east of north relative to GZ. To the west the doses fell off
to less than 200 rads within a distance of 0.6 km. There was also a secondary
peak of activity between 1.3 and 1.4 km to the east, where the gamma doses reached
750 rads.

Because of the height of the vegetation in the area, doses at 25 cm
above the soil surface, and at the soil surface were of particular interest. As
noted previously, however, there was little difference between these gamma radi-
ation doses. The doses at the soil surface had a mean that was 99.9% + 5.8% of
the doses measured at 25 cm above the surface*.

Figure 5 also shows the dose rates at the time the dosimeters were
collected from the field. Such dose rates are often used in estimating doses to
an environment from fallout at times from a few days to a few weeks or longer
after fallout has occurred. Since integrated doses are derived by multiplying
the dose rates by some systematic value, if the curves produced are parallel,
this is evidence that dose-rate extrapolations are justified. If they are not,
as is the case here, then other factors must be considered.

The opportunity to compare measured integrated doses and extrapolated
doses from dose-rate data is infrequent. Such a comparison should, however, pro-
vide evidence of certain other phenomena. It is apparent here that there is con-
siderable discrepancy — the ratios of dose rate to dose are not a constant.
Possible reasons for this will be discussed subsequently.

3.3 BETA RADIATION DOSES

Beta doses in fallout patterns are not readily assessed. Certain

*Station 3 was omitted from the means calculations. At that station the surface
dose was 150% of the 25-cm dose.
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assumptions must be made and terms defined. The doses attributed to various ob-
jects in the environment are the doses measured by dosimeters at or on the vari-
ous objeéts and at various places in the environment. The dosimeters used here
were designed to emulate the dose-receptive capacity of vegetation. The doées
reported are extrapolated as theoretical surface doses, on the assumption that
vegetation has the same beta dose absorptive capacity as water.

3.3.1 Beta Doses at the Soil Surface Compared to.the Dose at 25 cm
Above the Surface

For all dosimeter stations, the beta dose at the soil surface was 78% +
19% of the dose at 25 cm. For stations 9N through 13 the surface dose was 66% *
24% of the dose at 25 cm. These values were quite variable as can be seen from
the standard deviation. The ratio of surface doses to 25-cm doses calculated
independently for stations 20 through 26 was 81.1% + 31%, which provides a cur-
jous contrast to the large variabilities on the whole.

3.3.2 Beta Doses at 25 cm Above the Surface Compared to Beta Doses :
at 3 Meters -

These dose comparisons may also be of interest since they provide some
basis for prediction of the beta doses to taller vegetation (than NTS vegetation)
from their contaminated environment, that is the doses derived from particulate .
materials deposited around the shrubs as compared to the doses derived from the
matéria] deposited directly on the shrubs. Again, for the center of the main
fallout pattern, stations 9N through 10, the dosimeters at 3 meters received

only 34.1% + 3.3% of the dose at 25 cm above the ground.

Figure 6 shows a plot of the ratios of the surface beta doses compared
to the gamma doses for all stations with significant doses. A systematic varia-
tion of the ratio, which is apparent here, was also noted for a similar plot of
data for the CABRIOLET event*. The values ranged from 5 to more than 14 here,
which is somewhat higher than the ratios noted at CABRIOLET where they ranged
from 4 to 12.5. These variations may be due to differences in the material from
the two craters or an overestimate of the gamma-ray doses at CABRIOLET, which
would, of course, lower the ratios.
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3.4 DOSES TO THE VEGETATION

1

3.4.1 ; Gamma Radiation Doses

Across the main fallout pattern, stations 12N through station 20 inclus-
jve, the dosimeters on the shrubs that were not covered by the plastic sheets had
essentially the same gamma-ray doses as the dosimeters in the vertical array at
each station. (The difference was only +0.5% + 5.7%.)

For those shrubs which had been covered with the plastic sheets, there
was a reduction in the gamma radiation doses. The doses to covered shrubs had a
~ mean value that was 84.5% + 10.8% of the gamma doses recorded in the open, away
from shrubs. This reduction is probably attributable to shiering by the air
and the plastic sheets against the low-energy components of the fallout
radiation. 4

3.4.2 Beta Radiation Doses

At stations 12N through 20 there was a reduction of 52.6% + 10.9% for
the beta doses recorded by the dosimeters on the shrubs, compared with the dosi-
- meters in the open (on the array) -away from the shrubs.

For those shrubs under .the plastic sheets, there was still a further
beta dose reduction. The covered shrubs indicated only 31.2% + 6.9% of the beta
radiation doses recorded by the dosimeters in the open. These data as well as
the gamma dose data are summarized in Table 1.

3.4.3 Evaluation of Sources of Béta Doses fo the Vegetation

The construction of the dosimeters provided some delineation between
“beta doses derived from fallout material contaminating the surfaces of plants
and doses derived from material on the surface around the plants. These data
were read from the dosimeters at 25 cm above the surface. The data for stations
:21N through 44 are shown in Fig. 7. From this it would appear that beta doses
were, in a large measure, different in their origin in the two parts of the pat-
tern. In the main part of the fallout pattern, a relatively large portion of the
total dose appears to have come from below the dosimeter, whereas in the eastern
part of the pattern, where the secondary peak of activity occurred, dosimeters
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Table 1. Doses across the main'fallout patterns at 25 cm above the soil
surface away from shrubs, to the shrubs protected by plastic
sheets, and to shrubs not protected.

GAMMA RAY DOSES (RADS) BETA RAY DOSES (RADS)

Percent of 25 cm . Percent of 25 cm
Station 25 cm Shrub Dose 25 cm Shrub Dosc’
Number Dose Open* Covered Open** Covered Dose . Oﬁenf Covered Open Covered
128 280 255 91 ' 2100 1110° 630 52 30
10N 380 420 350 +11 - 92 3420 2160. 1590 63 46
8N 800 810 770 +2 96 7800 . 3000 - 2190 39 28
6N 950 1060 800 +11 84 10650 5250 © 3000 49 .28
4N 820 710 86 8640 4140 3270 48 38
2N 700 640 610 -9 87 . 8100 3900 2100 43 26
0 650 680 470 +5 72 . 7050 3000 2340 43 . 33 o
2 800 750 660 -6 83 . 7500 2910 1770 39 24 lr' 1
4 650 660 480 + 2 74 - 5550 2250 1650 41 " 30
6 600 590 600 -2 100 .- © 4650 2340 1650 s1 36 -
8 720 700 600 -3 §3 . 5040 3240 . 2060 64 40 -
10 806, 850 530 + 6 66 - 5400 3600 1560 67 29 ik
12 620 580 550 -6 89 4450 2190 900 49 S 20 s
1% 440 . 370 84 3480 1620 900 47 26
16 30 @ 260 o 87, 1650 570
18 200 »13210 200 +5 100 - 2100 1500 5640 71 26 o
20 130 120 80 - 8 62 1410 - © 990 570 70 39 &
Means T R +0.5  84.5 52.6 31.2
Standard Deviation o 5.7 '110.5 ’ ' +10.9 6.9

.

* Only doses which differed from the 25 cm doses are shown.
** Percent differences from the 25 cm doses are given.

® Dosimeter not recovered,
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(with shields open upward) received a slightly larger portion of the total
dose. '

This dose distribution is probably the result of a 1argerlamount of
base surge material being distributed'northward, where the dosimeter stations
were somewhat closer to GZ than they were at the secondary peak of activity
farther to the east. Base surge material is generally heavier than fallout ma-
terial is conventionally thought to be be. Thus, in addition to the larger
amounts of material in the main part of the fallout pattern, the lighter mater-
ial going to the east would be more likely to remain suspended on the vegetation.

3.5 EFFECTS ON VEGETATION

At the time the dosimeters were removed from the field there were no
observable changes in the vegetation in the fallout pattern compared to vegeta-
tion elsewhere, except that in-the parts of the pattern with the higher dose '
rates the vegetation was very dusty.

In February 1969 (D plus 2 months), it was noted that much of the vege-
tation had lost its dust covering and that there were no differences in the
appearance of shrubs which had been covered with the polyethylene sheets and
those which had not been covered. By this time most of the snow had melted, with
only small patches remaining in the shade of shrubs and rocks.

The normal appearance continued through most of April. In the last.
week of that month, the first evidence of any effects was noted. This could only
be observed by comparing shrubs outside the irradiated areas with those within.
Normally, the development of new growth in Artemisia begins during this period,
but the beginning of new growth was absent in the parts of the pattern with the
larger doses. The same phenology was observed at CABRIOLETS.

By-the end of June it was possible to begin a systematic analysis of
the effects. From the outset it was clear that the characteristics of individual
shrub damage along the arc were different from the damage noted at both PALANQUIN?
and CABRIOLETS3,

On 4 July 1969, it was noted that most Artemisia shrubs within 10
meters radius of the support stakes for Stations 4N, 5N, 6N, and 7N were dead
and the remainder 75% or more defoliated.
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3.5.1 August 1969 (D Plus 8 Months) ‘Damage Survey

In August a survey was made of the Artemisia shrubs within a 10 meter
radius of each stake at all stations. Table 2 show the results of this survey.

Table 2. Condition of Artemisia within 10 meters of each
dosimeter station stake, 7 August 1969

NUMBERS OF SHRUBS AND PERCENT DEFOLIATION

Station % | Station %
Number O* 25 50 75 100 Number O 25 50 75 100

67-43 A1l . : 13 No shrubs
42 9 1 12 - 1 ‘
41 3 1T 10 5 2 4 3
40 7 10 8 3 3 2 4
39 4 9 3 3 2 3 4
38 4 8 2 2 2 3
37 19 7 15 11 . 9 3 11
36 17 1 1 6 3 5 5 5 3
35 11 3 3 3 1 5 2 4 2 2
34 1 1 7 4 1 3 1 .2 7
33 4 1 3 2 1 3 9
32 2 2 3 2 6 2 2 - ' 2
31 3 3 1 1 No shrubs
30 9 2 0 1 3 5 5
29 1 N - 3 2. 2 4
28. 5 2N 10 13
27 2 3N 4 25
26 No shrubs aN - . : 23
25 No shrubs 5N 4 24
24 4 6N - : 15
23 3 ] N SR 15
22 1 8N 1 1 1 5
21 9 9N 8 1 1
20 12 ' 10N 21
19 8 1 TIN° 20
18 1 12N-24N " ATl
17 1
16 No shrubs
15 No shrubs
14 1

"0“ 1nd1cates no damage, or more nearly to zero damage than to 25% defoliation.
100 indicates complete defoliation and death.
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By autumn of 1969, damage had nearly reached its fullest expression, and
there was Tittle further change during the winter except for the continued loss
of dead leaves from weathering.

3.5.2 April 1970 (D Plus 16 Months) Damage Survey

In April 1970, before new annual growth began, measurements were made
on shrubs at most of the stations with shrub damage. The complete survey is
given in Appendix D. An attempt was made to measure the sizes of 100 shrubs at
each dosimeter station in the center part of the fallout pattern except as noted
in Appendix D. The areas covered were approximately 30 meters wide and up to 60
meters long, along axes radiating from GZ to the dosimeter stations. Shrubs were
classed into the five categories of damage previously mentioned. . It should be
noted that Artemisia does not survive when compiete]y defoliated under these con-
ditions. Unlike most other shrubs in the area, it does not redevelop from the
lower trunk or roots.

3.5.3 Shrub Damage, Shrub Size, and Doses

The shrub measurements (called the "shrub volumes") for Stations 10N, 6,
and 7, from the west and east sides of the pattern, are shown in Fig. 8. Shrubs
with volumes of 0-1 cubic meters, and 1-2 cubic meters show a distinct shift in
damage distribution with increasing dose. In the shrub volume class of 0-1 cubic
meters, the damage distribution at 3420 rads is the reverse image of that at 5100
rads. The same shift, but less apparent, also occurred for shrubs of 2-3 cubic
meters volume. Shrubs with volumes of 3 cubic meters or more have only a slight-
ly shifted distribution with increasing dose. Contingency tests of the independ-
ence of defo1iat{on classes from dose levels were conducted, with chi-square
evaluated at_the 0.05 level. Percent defoliation was dependent on dose level
when three dose levels were considered. Percent defoliation classes were inde-
pendent of dose level when only the largest shrubs were considered. It seems
clear that with an increase in dose there was a corresponding increase in shrub
damage. However, the extent of shrub damage appears to be moderated by shrub
volume, the‘1arger shrubs being less damaged than smaller shrubs.
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3.5.4 Shrub Size (Volume) and Extent of Defoliation at 5250-5850 Rads

In order to examine the relationship between shrub volume and percent
defoliation, shrubs from Stations 5, 6, 7, 8, and 11, where doses ranged from
5250 to 5850 rads (beta-gamma) were considered as a single population of 495
shrubs. Figure 9 shows the percent shrub population distribution for the defoli-
ation and shrub-volume classes. Class-volume intervals were adjusted to provide
"a minimum’of 60 shrubs for any volume class. The greatest number of shrubs (133)
occurred in the 0.5 to 1 cubic meter class. The volume class of 1 to 1.5 cubic
meters contained 80 shrubs while the other classes had 60 to 77.

The data from Fig. 9 were transformed to présent each shrub-volume
class as an individual population distributed among damage classes, as shown in
Fig; 10. The three shrub-volume classes occurring within 0 to 1.5 cubic meters
have similar distributions, with few shrubs appearing in the 0% defoliation class
and the greatest percentages appearing in the 100% defoliation class.

‘ Despite the similarity of the distributions, however, there is a shift
in the percentages toward the 75% defoliation class as shrub volume increases. -
The distribution of percentages of shrubs in the 1.5 to 2.0 cubic meter class
differs from those having smaller volumes in that the mode occurs in the 75% de-
. foliation class. Shrub-volume population percentages for shrubs with volumes 52
_greéter than 2 cubic meters show a further modal shift down to 25% defoliation. :

_ A contingency test (P = 0.05) of the 1ndépendence of percent-defd]iation%~
classes from shrub-volume classes showed percent defoliation to be dependent upon
shrub volume. Further chi-square calculations were made within each defoliation
class. It was assumed that the percentage of each shrub-volume population occur-
ring within a given defoliation class was similar among all shrub-volume classes.
In the 100% defoliation class, shrub-volume population percentages'were.found to
be dependent on shrub volume. Shrub-volume classes of 0 to 1.5 cubic meters
formed one volume-independent set while shrub-volume populations of 1.5 cubic
meters and greater formed another. Shrub—vo]hme population percentages within
either the 75% or 50% defoliation categories were found to be independent of vol-
ume classes. Shrub-volume population percentages within the 25% defoliation
class were found to be dependent on shrub volume. Additional calculations for
this latter class showed shrub-volume populations between O and 2 cubic meters
formed a volume-independent group that was different from shrub-volume populations
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of 2 or more cubic meters. These latter populations formed a second volume-
independent group.

Both graphical interpretation and statistical considerations confirm
the increased severity of damage among the smaller shrubs. The mode of damage is
clearly shifted from killed shrubs among the smaller sizes to the categories of
less damage among the larger sizes.

Figure 11 illustrates the frequent appearance of shrubs severely dam-
aged but not killed. There is a single living branch at the apex, which is flow-
ering at the end of the second growing season after irradiation. Figure 12 is a
diagramatic illustration of Artemisia damage conditions frequently observed.

3.5.5 Effect on Shrub Species Other than Artemisia

No systematic analysis of other shrub species was attempted because of
their sporadic distribution. It has been noted previously fhat Artemisia 1S one’
of the most sensitive'p]ants in this area of the test site, and assessment of
other species is difficult for many reasons. For example, many shrubs normally
develop new growth from their bases or from underground under normal conditions.
This also occurs very frequently with top damage of any kind. Thus, even if a
shrub is not damaged, it may have a development pattern which is similar to
that of another shrub which has been damaged. Atriplex canescens, one of the
salt bushes, occurred with relatively high frequency at a few dosimetry stations.
It was particularly outstanding for the absence of any apparent damage; in fact,
its subsequent growth appeared more luxuriant than normal in areas where all
Artemisia tridentata were killed — a logical outcome of reduced competition with
Artemisia. On the other hand, another Artemisia species, spinescens, a deciduous
Artemisia, appeared to have a sensitivity about as great as that of tridentata.

3.5.6 Vegetation Damage Away from the Dosimetry Arc

The more detailed studies of fallout effects on vegetation were confined
to the immediate vicinity around the dosimeter stations. From conditions there,
it seemed apparent there should have been considerablie damage elsewhere. However,
because of the large area in which damage could be expected, it would have been
difficult to provide detailed assessments. Furthermore, much of the area is very
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An example of a severely damaged shrub after two years of growth from
the very small amount of tissue which was not killed at the apex of
the shrub. This is a more extreme condition than that diagrammed as

Shrub B in Fig. 12. The inflorescence development appeared to be
normal.

L3



Fig. 12 Diagram of Artemisia shrub conditions noted frequently along the arc of
dosimeter stations. The height to which a shrub was damaged (or
killed) was to some extent dose dependent. Height was not the only
factor, however, for the larger shrubs, in terms of volume, were also
less Tikely to be killed even though they were sometimes not as tall as
others which were entirely defoliated and killed.

rough, or impassable, even with four-wheel-drive vehicles. For these reasons an
evaluation of fallout effects was undertaken by helicopter. The evaluation was
made on 24 January 1970, one growing season after SCHOONER detonation. With en-
larged aerial photographs of the area as a guide, the helicopter travelled slowly
at altitudes of 10 to 50 feet above the surface while shrub damage was evaluated
by gross visual inspection and notes were dictated into a tape recorder. Damage
was assessed on the basis of whether more than half the shrubs appeared more than
50% defoliated, or less than 50% defoliated. Estimates were restricted to the
genus Artemisia, as in the previous assessments.

From this aerial survey, the map shown in Fig. 13 was drawn. The boun-
daries of damaged vegetation to the west of SCHOONER GZ were not determined be-
cause of adverse winds on the day of flight. The area is very rough, making low-
altitude flying hazardous. In addition, detailed aerial photographs of the area
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were not available. It was estimated, however, that damage extended beyond 3 km
west of GZ.

3957 Preliminary Estimates of Damage and Recovery of the Ecosystem
on the South Side of SCHOONER - October 1970

Data on cover for three of the 21 species of shrubs, grasses, and annu-
als found south of GZ are graphed in Fig. 14. (A complete Tist of species is
provided in Appendix C.) The approximate location for the five sites (see Sec-
tion 2.6) are indicated in Fig. 13.

In Fig. 14A, the mean cover percentage for each of the five sites from
near GZ to beyond the effects of fallout are plotted. Site V provides a control
value for comparison with the disturbed and irradiated areas. The value given
for Site V is thus the expected norm for the area. There is an increase in the
vegetation cover in both Sites II and III. The species responsible for this are
in evidence in Figs. 14E and 14F. In Site II, as shown in Fig. 14E, there is a
large increase in Salsola (Russian thistle) in a manner frequently noted at NTS
for seriously distrubed areas. For Site III, from Fig. 14F, there is a large in-
crease in the grass Sitanton hystrixz. Both Sitanion and Salsola occur with rel-
atively low frequency in undisturbed areas, with Salsola sometimes completely
absent.

The total numbers of species for each site is plotted in Fig. 14B. There
are increases for total numbers of species with the disturbances and radiation
damage at all sites except directly on the crater itself. Figure 14C shows little
differences in total numbers of plants except for the reduction in Sites I and II,
both of which were regions of heavy overburden not yet covered by the Targe num-
bers of Russian thistle traditionally encroaching strongly disturbed areas of NTS.

38 LATE-POST-DETONATION DISTRIBUTION OR REDISTRIBUTION OF RADIOACTIVE
MATERIAL

In July 1969, a survey was made which allowed a limited estimate of the
radioactive material that had continued to be dispersed from the crater between
D plus 12 days and the time of the survey, or had been redistributed after initial
throw-out or dispersal from the crater.
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It would appear most likely that, because of proximity of the dosimeter
stations to the large crater-lip deposits of loose fluffy material, the largest
amount of material to reach to dosimetery arc would have come from the crater
itself, that is, from the initial source.

As a part of the routine radiological survey, readings were made with
the portable beta-gamma meter used conventionally at NTS. Readings were made
with the probe both'open and closed at the ground surface close to the dosimeter
sfations, but away from shrubs. The difference in dose rates between open-probe
and closed-probe readings was called the "beta dose rate". Similar readings were
made in the centers of the areas which had been covered with plastic sheets until
D plus 12 days, and which could not have received fallout material until after that
time. Beta radiation readings made in these areas should therefore reflect radio-
activity which reached the area after D plus 12 days, and before D plus 7 months,
ji.e., 4 July 1969. Since beta rays are rapidly attenuated by air, the beta sources
from outside these areas should not contribute significantly to the beta doses.

The dose rates and their ratios obtained from the July survey are pre-
sented in Table 3. The beta dose rates were estimated by subtracting the closed-
probe dose rate readings from the open-probe readings. On the assumption that
similar amounts of material would be deposited or redistributed into both areas,
the beta dose rates from the covered areas were also subtracted from the dose
rates from the not-covered areas before the ratios were calculated.

The data in Table 3 are from dosimeter stations north and eastward of
GZ. From these data it appears there was an increase of nearly 2% in the materi-
al deposited on D-day at the most northerly point, and an increase of about 9% in
the material deposited in a more easterly direction. Giving these values as per-
centages of the total beta activity may be misleading, since unequal amounts of
material were deposited between D-day and D plus 12 days. Perhaps a better ex-
pression of the conditions would be that two to three times as much material was
redeposited eastwardly compared to northerly and these amounts constituted from
about 2% to 9% of the material depdsited“at individual locations before D plus
12 days. The prevailing winds in the area are from the southwest. Considering
the dustiness of the general crater area, these values would not appear too
high.
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Table 3. Ratios between instrument readings in dosimetry arc
areas contaminated continually and contaminated
after D plus 12 days.

Covered Not Covered Covered
- : Not D-Day minus Not Covered
. Stations Covered To D + 12 Covered minus Covered .

(mr/hr) (mr/hr) (mr/hr) (Ratio)

6N . 53 1.0 52 0.019

4N 44 1.0 43 0.023

2N 50 1.5 48.5 0.031

0 30 1.0 29 0.034

2 ‘ 21.5 1.5 20 0.075

4 43 1.0 42 0.024

6 46 3.5 42.5 0.082

8 35 2.2 32.8 0.067

10 28 2.3 25.7 0.089
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4. SUMMARY AND DISCUSSION

At distances of 1.7 km to more than 2.0 km to the north and northeast,
distances which were for the most part beyond the base surge from the SCHOONER
detonation, radiation doses were measured and radiation effects on the vegeta-
tion in the area were evaluated. The dosimeter stations were positioned on an
arc that extended approximately 3.35 km along the bottom of a canyon which was
approximately 100 meters lower in elevation than the plateau on which GZ was
located. Despite the irregularity of the topography, however, the dosimeter sta-
tions were located approximate]y the same relative distances from GZ as those at
CABRIOLET.

As noted previously at CABRIOLET, the beta doses in the open, away from
shrubs, were much greater than the gamma doses which were relatively constant
throughout the environment of any particular location. A comparison of the po-
tential doses showed that the beta-gamma dose ratios varied from 5 to 15. Dosi-
meters placed on shrubs indicated beta doses were considerably less (47%) than
those indicated by dosimeters positioned at 25 cm above the soil surface, away
from shrubs. This was interpreted as being the result of self shielding by the
shrubs themselves, on the hypotheéis that the doses to dosimeters were reduced
by shrub shielding just as doses to parts of the shrubs must have been. Unlike
CABRIOLET, differences in doses to.fronts and backs of shrubs were not observed.

Dosimeters on shrubs covered with 0.15-mm-thick polyethylene received .
gamma radiation doses 15% less than those received by shrubs that were not cov-
ered. The beta doses to dosimeters in the same location were, however, 69% less
than those indicated by dosimeters at 25 cm above the ground surface, away from
shrubs. This 22% net reduction in beta dose was attribued to the polyethylene
‘cover. This cover was sufficient to reduce the radiation doses below lethal
levels. There was apparently no damage to the covered shrubs, except at Station
6N where 2 of the 6 shrubs covered had a small amount of defoliation. This was
one of the areas where all Artemisia shrubs were otherwise killed.

Damage to the vegetation from radiation was not apparent until late
April, almost four months after the shot. The first evidence was manifested by
an absence of development of new growth on Artemisia — growth that produces
flowers in September and October under normal conditions.
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The condition of shrubs by D plus 15 months varied from no detectable
damage at the Tower doses to complete defoliation and killing at the higher doses.
Shrubs with damage all the way around them, from the ground to varying heights,
were commonplace. This condition was not observed at two earlier cratering ex-
periments, PALANQUIN andCABRIOLETQwhere sublethal damage was primarily distribu-
ted across the fronts and tops of shrubé. At SCHOONER, however, along the arc of
dosimetry stations, extremes of this "skirting" sometimes left only small branch-
es alive in the tops of larger shrubs.

As might be expected in view of this "skirting" effect, small shrubs
were more severely affected than larger ones. Extent of damage was shown to be a
function of shrub "volume", defined as a volume calculated from the means of two
measured shrub diameters and a height measurement, with the shrubs being treated
as if they were cylinders.

The differences in damége noted along the dosimeter arc at SCHOONER com-
pared to either PALANQUIN or CABRIOLET are probably attributable to a different
pattern of particle deposition on shrubs and around them. This may; in turn, be
attributed to differences between terrain at SCHOONER and the earlier events.

The detailed investigations of shrub radiation effects per se were all done in
the vicinity of the dosimeter stations.

In addition to the detailedsurveys, an informal survey performed on
foot, by truck, and by helicopter determined approximate boundaries of damaged
areas all the way around the crater. During the summer of 1970, study plots on
the south side of SCHOONER showed that revegetation was beginning to occur in
damaged areas. In parts of the pattern where all Artemisia was killed but with
significant overburden from the crater, Russian thistle occurred. Peripheral to
that region was one characterized by a large increase in the Sitanion hystrix, a
species which normally occurs with low frequency.

This study has provided further evidence of the importance of beta radi-
ation as a hazard to vegetation in fallout fields, and has indicated something of
the nature of self-shielding by vegetation itself. These findings provide a bas-
is for understanding the relationship of doses and dose rates (measured for con-
ventional radiological safety purposes) to the beta doses to which vegetation in
fallout is subject. The shielding experiment in which 0.15-mm-thick polyethylene
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was used showed that even this small amount of protection may be of great impor-
tance in preventing vegetation damage.

A comparison of differences in terrain and topography at PALANQUIN and
CABRIOLET versus SCHOONER has indicated these parameters may be important in de-

termining the nature of damage manifestation where radiation levels may be high
enough to cause damage.
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APPENDIX A

PERENNIAL SHRUBS ENCOUNTERED IN THE VICINITY OF DOSIMETER STATIONS

The shrubs listed below were collected and identified by Mr. Thomas
Ackerman, Laboratery of Nuclear Medicine, UCLA. The shrubs may occur with widely
varying frequency in any particular locality. They may be absent from some areas
or share dominance in others. A few are essentially restricted to the sides of
"canyons and some are found only along the drainage pattern of the canyon bottoms.
None occurred with sufficient abundance to permit an extensive investigation of
reaction to readioactive fallout material. The list may be incomplete, however,
- since there was no intensive effort made to cover the entire length of the dosi-

_meter arc.
Chrysothamus nauseosus Lycium andersonii
subsp. hololeucus
subsp. letospermus _ Grayia spinosa
. Chrysothamus greeﬁei Symphoricarpos parishit
Haplopappus nanus ' Elymus cinereus*
Petradymia glabrata Atriplex canescens
 Tetradymia axillaris Atriplex confertifolia
Artemisia spinescens Machaeranthera leucanthemifolia

Artemisia tridentata

Gutierrezia sarothrae

* : '
" A large clump-forming grass which may reach 1.5 meters height.



APPENDIX B

DOSIMETRY

The general characteristics of fallout radiation expected from a
cratering event would include a 1-MeV gamma-ray component, an associated beta
component with energies in the 1-MeV region, and a possible Tow-energy photon
characteristic. Two approaches for measuring this mixed field are equally
valid: 1) measurement of fluence and interpretation of dose deposition; or 2)
direct measurement of absorbed dose in some material and correlation with another
material through known absorbtion coefficients. The more straightforward of the
two methods, that of measuring fluence by determination of depth dose profiles,
was chosen for the SCHOONER event.

B-1 DOSIMETER DESIGN

The dosimeters used at SCHOONER were patterned closely after the therm-
oluminescent dosimeters (TLD's) used in the CABRIOLET event. However, certain
modifications were incorporated based on the CABRIOLET results.

The dosimeters, which were designed to simulate energy deposition from
ionizing radiation in plant tissue, were made up of hot-pressed chips of CaFZ:Mn
of a standard size, measuring 3 by 3 by 1.5 mm. The dosimeters were of two basic
configurations — one designed to accommodate 3 chips (Type A) and the other 8
chips (Type B). Both types were constructed of 3-mm-thick polycarbonate, with
7-mm-diameter holes drilled through them to hold the TLD chips. The Can:Mn
chips with individual shields were placed in the holes, and the entire dosimeter
was covered by a thin 1ight-tight black Mylar film, as shown in Fig. B-1.

For SCHOONER, six shield thicknesses were employed to define the depth
dose. Minimum shieldina was provided by a double Tayer of 0.05-mm-thick black
Mylar tape which also served to protect the chips from loss of dose due to fad-
ing in sunlight. This minimum shielding was the equivalent of 8 mg/cmz. Addi -
tional shielding was provided as follows: 0.25 mm polyethylene, 1.27 mm poly-
ethylene, 0.51 mm aluminum, 1.07 mm aluminum, and 0.79 mm lead. These shields
were chosen as a result of the CABRIOLET experiment where penetration of beta

particles was measured with a range of 325 mg/cmz.
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Fig. B-1. Thermoluminescent dosimeters (TLD's) constructed for SCHOONER.



Since the thickness of the.TLD chips was sufficient, to completely stop
electrons with energies up to 1.0 MeV, readings on individual chips were propor-
tional to energy fluence incident on the chip. The change in fluence (erg/cmz)
as mass was added in front of the TLD was used to infer the dose (erg/g).

~ Shielding was'se1ected to produce a gradual decrease in beta contribu-
tion, with the thickest shield capable of stopping the most energetic beta par-
ticles. This thickness, however, did not require significant correction for the
absorption of 1-MeV gamma rays. The presence of a low-energy photon component
could be inferred by differences in the stopping power of polycarbonate and alum-
inum. These materials present equal absorption of electrons, but have a Z de-
pendence for absorbtion of low-energy photons. Thus, é high reading for the
polycarbonate-shielded chips signified a low-energy photon component whose mag-
nitude could be estimated.

~ Lead was used for maximum shielding against beta fluence. Although it
succéééfﬁ]]y shielded the TLD from the beta radiation, it resulted in an over-
response for the gamma-ray background. To evaluate the over-response, calibra-
tions were made with lead in front, in back, and on both sides of the chip. From
this a correction factor of 0.7 was derived and used to correct gamma doses.

B-2 DOSIMETER READOUT AND. ANALYSIS

The dosimeter packages from the field were individually read out in a
standard EG&G Model TL-3 reader. Since the chips were calibrated against a
standard Co60 source, the scale readings were a direct measure of the exposure
in roentgens.

The energy deposited in a CaFZ:Mn chip when it is exposed to a cali-
brating o0 source is '

=8 R (p At) ergs (1)

B
‘where
R = exposure in roentgens
p = density of the dosimeter
A = area of the dosimeter
t = thickness of the dosimeter
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The 1ight emitted when the dosimeter is read is proportional to that energy,
L, =ck o (2)

When the dosimeter is exposed to low-energy beta rays and subsequently read out,
the energy deposited per unit area is

E L N
ﬁg. = 2 . Kg . 86 RL At e"rgs/cm2 (3)
: .

If the read-out instrument is adjusted to read in roentgens (R - L]),
the final calibrating formula is

> =80t - L, ergs/cm2 (4)

For a typical chip, o t is 0.550 gm/cmz. The calibrating relationship is then
- 2 ,

o = 47.3 L2 ergs/cm” (5)

where L2 is the scale reading on the dosimeter.

Dose may be inferred from the readings 2, and o, On two dosimeters
covered by absorbers having masses m and My:

21 - %
m]-mz

In this case, dose is determined for the absorbing material.

. Data taken with the use of Mylar may be used to infer dose in water
by multiplying by the stopping power for water and dividing by the stopping
power for Mylar:

(dE/dx)H20

D = D .
Ho0 Mylar (dEdeYMylar | (7)

Dosimeter readings along the dos1meter arc for all stations having
significant dose are shown in Table B 1 ' \
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Table B-1. Summary of radiation doses (rads H20) along the arc of
dosimeter stations, 1.7 to 2.0 km north and northeast
of GZ. Beta doses are theoretical surface doses.
STATION DOSES AT DOSES AT 25 CENTIMETERS DOSE AT 1 METER DOSES AT 3 METERS DOSE AT SHRUBS*+*
GROUND Total Pb Shielded  Jotal Pb Shielded Total Pb Shielded Uncovered Polyetfvylené
LEVEL ’ Above Below Above, Below Above Below Covered
Y 8 Y 8 [:] -] 8 [:] [:] ] ] 8 8 Y 8 -
27 N - -e- 180 --- I ——— - --- e e -
26 N -e- -e- 180 --- .. e .- ee- - . eem - --- -m- me-
25N e LU I —— - D - N SIS
24 N e 1 J— —— - [ - L 720 120 630
23N --- --- 160 --- e ee- .- - --- N
22 N cem .- 140 --- ——— e . een .- T 600 120 560
21N --- == 140 --- 630 930 aeeeee --- P oty
20 N 130 1,200 130 1,170 660 960 850 750 700 540 30 330 480 120 450
19N. 120 1,000 120 1,020 510 990 cee e .- --- 30 360
18N 120 1,000 120 1,140 810 1,140 . 950 450 950 690 270 870 630 105 615
17 N 130 1,000 120 1,050 720 600 cem ees - -~- 180 1,050
16 N 160 1,500 160 ~ 1,470 900 1,200 800 330 850 600 150 480 630 150 540
15 N 180 1,200 160 1,410 810 1,050 . e - -~- 150 1,080
14N 200 1,200 200 1,500 870 1,120 1,080 360 1,080 430 120 390 540 190 420
13N 240 1,600 240 1,680 1,020 1,440 .- - .- -~- 120 900
12N 280 1,500 280 2,100 1,440 1,920 1,440 850 1,200 966 120 1,360 1,110 125 630
NN ' - " e P'T P —— _——- - 150 1,080
10N 350 3,000 380 3,420 1,860 3,210 2,650 1,500 1,780 1,640 660 1,140 2,160 350 1,590
9N 500 5,400 500 4,500 3,600 2,160 3,300 2,250 1,650 1,830 900 1,500
8N 800 5,600 800, 7,800 6,360 2,220 4,700 3,400 1,980 2,570 1,500 1,800 3,000 770 2,190
7N 950 10,000 950 10,650 9,750 3,510 6,750 6,250 2,800 3,480 1,650 1,350
6N 950 5,400 950 10,650 9,600 3,450 7,200 6,600 2,550 3,770 2,550 2,100 5,250 800 3,000
5N 870 6,000 870 9,800 8,790 2,790 6,450 6,700 2,350 3,560 2,040 1,890
4N 800 6,500 820 8,640 6,940 2,790 5,400 5,100 2,000 2,610 1,740 1,740 4,140 710 3,270
3N 800 6,000 800 8,700 7,500 3,000 5,700 5,700 2,400 2,820 2,400 2,100
2N 700 2,700 700 8,100 7,200 2,800 4,200 4,100 2,050 2,700 1,800 1,500 3,900 610 2,100
1N 650 3,300 600 6,600 ** 2,400 4,950 2,140 2,020 2,460 2,100 1,200 :
0 650 3,150, 650 7,050 5,550 1,950 4,800 3,300 1,420 2,200 1,350 1,050 3,000 470 2,340
1 800 8,500 750 7,650 7,050 2,550 4,650 4,650 1,950 2,350 1,650 1,650
2 800 7,500 800 7,500 7,200 2,400 5,100 4,050 1,800 2,500 1,200 1,200 2,910 660 1,770
3 1,200 4,000 800 7,200 »* ** 4,500 3,600 1,800 2,350 1,500 1,200
4 650 2,000 650 5,550 4,650 2,250 3,400 2,950 1,750 1,580 1,050 450 2,250 480 1,650
5 600 3,600 610 4,830 4,170 2,370 3,300 2,400 1,500 1,630 870 570
6 600 2,400 600 4,650 3,450 2,100 3,050 1,800 1,850 1,670 450 450 2,340 600 1,650
7 800 3,000 700 5,100 3,600 3,300 3,300 2,300 2,050 - 2,030 900 1,500 .
8 900 3,000 720 5,040 3,240 2,490 2,£50 1,950 2,030 1,890 900 1,740 3,200 600 2,040 B
9 700 2,00 740 4,980 2,580 1,980 2,280 2,450 - 1,600 2,580 780 .
}? 750 3,600 ;gg 5,400 5,400 3,150 3,500 1,920 2,470 - 2,050 1,800 1,500 3,600 530 1,560 S
B --- --- .- -n- .- --- --- --- - Y
12 600 3,000 .620 4,450 2,790 3,240 3,100 1,520 2,340 2,040 660 2,100 2,190 550 900 »
13 500 2,700 500 4,206 2,250 2,100 2,£50 1,300 1,950 2,030 600 1,800 L.
14 400 1,500 440 3,480 1,380 1,680 2,510 1,530 1,800 1,900 930 1,210 1,620 370 900 -
15 350 2,000 350 3,000 2,070 2,070 2,400 1,180 1,120 1,620 600 1,050
‘6 *h ol *k *k L ke -_—- —-_——— -_— *h £ 2 4 e ]’650 . 260 570
17 250 2,100 250 2,550 1,290 1,650 1,500 810 1,050 900 300 1,050
18 220 2,000 200 2,100 1,206 750 1,040 580 220 520 300 300 1,500 200 540
19 150 1,400 150 1,590 930 630 1,20 580 870 630 300 300
20 140 1,200 130 1,410 870 840 780 - 480 220 510 270 330 990 80 570
21 110 1,000 100 1,200 840 900 900 . 480 570 450 0 0 -
22 100 1,000 100 1,200 900 1,030 830 400 700 430 300 300 720 170 570
23 220 2,000 200 2,400 1,650 1,800 1,860 960 1,500 1,200 540 990
24 350 2,500 380 3,000 1,650 2,240 2,250 1,050 2,100 1,800 360 1,980 1,260 260 870
25 400 2,200 400 3,000 1,620 2,040 1,800 1,020 1,500 1,200 60 90
26 300 1,500 270 1,920 1,290 1,650 900 540 570 270 150 120 1,320 150 690
27 275 1,800 260 1,860 1,230 1,470 1,020 600 380 520 180 180
28 260 1.600 260 1,80 2,850 1,350 1,200 2,050 720 540 246 180 1,650 190 1,110
29 360 2,500 360 2,670 1,620 1,7/ 1,590 510 1,160 570 180 60
30 350 2,700 350 2,700 1,650 2,380 1,650 770 1,480 750 360 120 2,010 310 1,170
3 500 3,000 500 3,300 1,950 2,250 2,670 1,020 2,340 1,950 450 1,950
32 --- === 700 4,050 2,900 3,000 2,850 1,250 2,250 1,980 360 2,250 3,150 550 2,010
33 ---  --- 600 3,600 2,250 2,550 2,760 1,200 2,340 1,650 450 1,200
34 -e- --- 750 4,800 2,700 3,360 3,750 1,710 3,210 2,640 900 2,850 3,150 550 2,100
35 --- T === 450 4,050 2,310 2,700 3,340  --- -—- 2,16 600 2,310
3% wam cm- 270 2,490 3,500 2,190 1,780 840 1,600 1,290 390 1,140 1,740 250 900
37 --- === 240 2,030 1,230 1,530 1.880  --- . 860 180 1,020
38 --- === 220 2,100 1,140 1,590 1,620 580 1,530 1,050 240 1,140 990 190 720
39 —ee === 270 === 1,590 1,830 -- --- .- --- 1200 360
40 - --- 280 2,050 1,320 2,040 1,860 - 780 2,080 800 210 1,860 1,560 250 750
--- Dosimeters not‘ read out
**  Dosimeters not recovered
‘#*%  Dosimeters at even-numbered stations only
() Doses below confidence level o -
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Table B-1 (Continued)

STATION DOSES AT DOSES AT 25 CENTIMETERS DOSE AT 1 METER DOSES AT 3 METERS DOSE AT SHRUBS***
SRomLD Total Pb Shielded  Total Pb Shielded Total Pb Shielded Uncovered Polyethylene
Above Below Above - Below . Above Below Covered
Y 8 Y B [ g [ [ 4 f [ [ ‘ K ¥ g
4] B 300 --- 1,800 2,550 --- --- --- --- 450 2,550
42 B 350 3,300 2,100 2,550 2,550 1,250 2,370 2,400 510 2,550 ~-- EEC T
43 --- e 200 --- 780 1,3%0 . ~--- --- --- --- 120 - 840
44 - --- 160 --- --- --- 950 --- --- ] —— e 450 150 160
45 - e 90 --- — - ce- ee-
46 --- == 40  --- --- --- --- --- --- R T --- —e- -
48 c.— e (5) --- . S --- --- .- e 30 (4.5)  (25)
50 ——- - (4) --- “-- --- --- - --- --- -t- e-- 30 (3.5) 27
52 SR {(5) --- - - - - -- 2 (5.0) (21)
54 - e-- (5) --- ~-- --- --- --- --- --- c-- ee- 30 (5.0) (24)
56 _—_—— —— EG - -~ - JE— _—— ——— --- -——- - 27 (5.0) 27
58 JE . g8y --- .- . - - . - ——— o 30 (7.0) 27
60 B (15) --- --- --- --- --- --- --- ame e 33 (15.0)  (24)
62 c—— —em (15)  --- .- - - - - --- ——— - 33 (15.0) (21)
64 e (20) --- “-- --- --- - --- --- ——- em- 60 (20.0) 54
66 === == (25) --- .- --- - - . ee- ——— - 45 (25.0) 27
--- Dosimeters not Fead out -
**  Posimeters not recovered
*** Dogimeters at even-numbered stations only
() Doses below confidence level

B-3 DIRECT DOSE MEASUREMENT FOR FUTURE.EVENTS

To supplement the method of determining the energy fluence and the in-
terpretation in terms of absorbed dose, a dosimeter material may be used directly
to measure absorbed dose if it absorbs only a negligible portion of the incident
radiation,. That is, if considering an absorbtion of the form Eoe'“t
terial is "thin" under the condition that ut = 0.

, the ma-

From the experience gained in measuring depth dose in the CABRIOLET
and SCHOONER cratering fallout fields, it was determined that a direct-reading
dosimeter could be made with a thickness small compared to the beta range of
325 mg/cmz. This dosimeter, which consists of a 0.30-inch cube of hot-pressed
CaFZ:Mn, has been found to have a stable geometery, and measurements made with
it in radiation fields were consistent within a probable error of + 3-R.

This small cube may be p]aced directly alongside of a stem, leaf,
branch, or at a meristem, thus placing dosimeteric measurements at the vital
points of interest to ecological studies. The gamma-ray contributions may be
evaluated in a manner similar to that of the fluence measurements, by shielding
with sufficient material to entirely absorb electrons.while producing a negligi-
ble effect on the gamma-ray component.
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APPENDIX C

VEGETATION, DENSITY, AND COVER CALCULATIONS FOR THE AREA SOUTH
OF SCHOONER

Five sites, located west and south of GZ were selected as being repres-
entative of the most diverse environments which may have resulted from creation
of the SCHOONER crater (see Fig. C-1). At each of the sites, three 5-meter-radius
plots were randomly chosen. Site I, the most proximate to GZ, was located about
50 meters west of GZ crater lip in an area characterized by massive overburdens of
material thrown from the crater and a relatively high radiation background. The
most distant site was located to the south in an undisturbed area beyond the base
surge deposits where radiation readings were essentially background.

\ \ \
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ntinuous ejecta
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| ® Locations of sites I through ¥ selected for long-
4 term study of vegetation changes.
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Approximate Tocation of sitesused for investigation of effects on vege-
tation from nuclear cratering upwind from GZ.
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Separate determinations of the numbers within a species in each circu-
lar plot were made, and the area occupied by each species was estimated.
data are listed in Table C-1.

These

Table C-1. Species of plants found from the SCHOONER crater southward with
estimates of their density and cover.
” FREQUENCY o 2
X DENSITY NUMBER OF X Iggg}géDUAL -)E % COVER
SPECIES SITE NUMBER OF PLOTS WITH A = X DENSITY
NO. INDIVIDUALS SPECIES X % COVER TIMES X INDIVIDUAL
SSROT _ PRESENT TNDIVIDUAL COVER
3
1 — = -- =
11 i == S --
Artemisia I11 0.33 0.33 0.0173 0.0057
v 63.0 1.0 0.0971 6177
v 63.0 1.0 0.19135 12.055
1 == s - e
Artemisia 11 - == -- -=
seedlings 111 - - .- =
v 10.6 1.0 0,01360 0.144
v — Pos = =
I 0.33 0.33 NV -
Astragalus 11 0.67 0.66 NV --
lentigenosus 111 2.0 0.66 1.047 2.094
v 7.0 0.66 0.0629 0.440
v — e = =
] = D - S
Atriplex 11 2.67 0.66 1.1360 3.033
eanescens I11 1.0 0.33 0.200* 0.800
IV 0.33 0.33 0.624 0.206
v 0.67 0.33 0.0815 0.0546
I - - - -—
Atriplex 11 0.67 0.33 T.215 0.814
eonfertifolia 111 == == == --
Iy 0.33 0.33 -- >
v 1.0 0.33 0.713 0.713
1 o o a3 —
Chrysothamus 11 4.33 %= 0.262 1.134
viaeidiflorus I11 0.67 0.33 0.188 0.1259
v - -- - --
v < s = ==
I e o = =
Ephedra II -- -- -- -=
nevaderais 111 1.0 0.33 0.2204 0.2204
IV 1.33 0.66 0.0359 0.0477
v 0.67 0.33 NV NV
1 0.33 0.33 NV --
Eriogonum 11 0.67 0.33 0.163 0.108
de flexum 111 -- -- -- -
Iv .- = -- --
v - —_— - -
I ki, o - 2=
Eurotia IT - - == .
lanata 111 9.67 1.0 0.0799 0.7243
v 3.0 ) 0.0473 0.142
v -— - - -~
I - - - -
Grayia I1 0.33 0.33 0.1527 0.050
spinosa 111 1223 1.0 0.4871 5.99]
1v 5.0 0.66 0.2907 1.454
v 6.0 1.0 0.5172 3.103
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Table C-1 (Cont'd.)

_ FREQUENCY _ - :
X DENSITY NUMBER OF X “gg\l/\E/[I{DUAL .)_(- % COVER
SPECIES SITE NUMBER OF PLOTS WITH A _ X DENSITY
NO. INDIVIDUALS SPECIES X % COVER TIMES X INDIVIDUAL
PRESENT INDTVIDUAL COVER -
PLO B S— .
I = — — .
Halogeton 11 2.0 0.33 0.255 0.66
glomeratus ITI -- -- .- -
. v .33 0.33 0.0735 0.024
v -- - - -
1 -- - -- —-
Hilaria 11 6.67 0.33 0.250 1.668
Jamesii 111 7.67 1.0 1.1850 9.089
v -- -- -- --
v 3.33 0.33 NV NV
I . - -- - -
Machaeranthera 11 0.67 0.33 0.253 0.170
leucanthemifolia II 7.0 1.0 0.0916 0.641
v 0.67 1.0 0.0256 0.0172
) 0.33 0.33 0.115 0.383
I - - - -
Opuntia I1 -- -- - --
erinacea I11 0.33 ~0.33 0.023 0.008
IV -- -- -- --
V - - -— -
I - - - -
Orlyzapsis Il 3.67 1.0 0.0386 0.142
hymenoides 111 7.0 0.66 0.0804 0.563
1v 19.0 0.66 0.0290 0.551
v 4.67 0.0928 0.433
I 26.0 1.9 0.11475 2.98
Salsola 11 6.9 1.0 U.2065 14.249
pestifera 111 -- 0.33 -- --
v .67 -- 0.0837 0.056
v - - -
I - - _— -
Sitanion I1 -- -- -- --
hystrix II1 92.6 1.0 0.307 28.428
v 38.3 1.0 (0.00869) 0.333
v 53.0 0.0310 1.643
I - - - -
Spheraleea I1 1.0 0.66 0.2337 0.234
ambigua IT1 8.0 0.33 0.0482 0.386
v 0.33 -- 0.00815 0.0027
v - - -
i -- 1.0 -- --
Stanlea 11 3.33 .33 0.238 0.793
elata 111 -- -- -- --
v -- -- -- --
v -— - -
Totrademia I 0.33 0.33 0.0407 0.013
glabrata 11 e T o ol
1v -- -- -- --
v -- - --
1 - - - -
Psathyrotes 11 -- -- -- --
annua . IT1 -- -- -- --
v -- -- -- --
v -- - -




Density data in Table C-1 is based on a separate determination of the
"number of individuals" per circular plot. Fifteen circular-plot determinations
were made for each species. Next, Plots (1, 2, 3), (4, 5, 6), (7, 8, 9), (10,
11, 12), and (13, 14, 15) were each summed for each species. If a species was
absent from one of the three plots at a site, a zero was added. These sums were
then divided by 3 (for 3 plots) and the mean density (X density) was recorded.
Hence, mean density is the number of individuals per plot (1 plot = 78.54 M2).

Frequency data provides information as to what fracfion of the three

plots at each site contain a given species. That is

Number of plots with a species present
3

Frequency =

Mean percent cover was calculated as follows: Each individual plant
was assigned an area or "cover value" according to a calculated area assuming a
rectangle or circle, as was more appropriate for the species concerned. These
areas were summed and divided by the average area (cm2) for each species for each
of the 15 plots (three at each of five sites). This value was added to similar
values for the other two plots at a site and the sum divided by the number of
plots having such estimates (1, 2,'or 3). The resu]tfng value (X % cover/indi-
vidual) was then multiplied by the X density to give the X % species cover. Fol-
Towing is an example of the calculation for Salsola at Plot C, Site I:

Thé total area covered by the 25 individual Salsola at Plot C was
23,405 cm2. Thus, the cover/individual was

23,405 cm?

_ 2
5% = 036.2 cm

Since the area of each of the three plots at each site was 78.54 m2, the
percent of the total area at Plot C covered by a mean-size Salsola was

936.2 e g 1192 3
78.54 cm2

The mean percent cover (X % cover) for Site I Salsola becomes the sums
of Plots A (0.1148%), B (0.1104%), and C (0.1192%) divided by the number of plots:
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0.1148% + 0.1104% + 0.1192% _ 0.1148%
3

This value multiplied by the mean number of individuals at the three plots,
(that is, 26) gives the mean percent cover for the species: ‘

Y % cover = 26 x 0.1148% = 2.98%
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APPENDIX D

SHRUB VOLUMES AND ESTIMATES OF EXTENT OF DAMAGE AT SELECTED
DOSIMETER STATIONS

In April 1970 (D plus 16 months), an attempt was.made to measure the
sizes of 100 shrubs and estimate the extent of their damage . in the main part
(northern sector) of the fa]]out.pattern along the dosimeter arc at each station
from 10N to 11.

Stations 4 through 8N were, however, subsequently omitted from the sur-
vey. At some of these stations all Artemisia was killed, and at others such a
large proportion was killed that the determination of the shrubs damaged and
their sizes would have had little significance. Station 9 was not analyzed be-
cause the number of shrubs available was too few.

Shrub volumes were calculated as if the shrubs were cylinders, using a
mean of two measured diameters and the heights as dimensions of the cylinders.
Shrub damage was estimated according to the following percent-damage categories:

1. 0% - No visual damage, shrub with normal inflorescence
development.

2.‘ 25% - Approximately 25% of the shrub showing damage vis., loss
of leaves approximating that amount and showing suppressed in-
\ florescence development or absence of inflorescence development.

3. 50% - Approximately 50% of the shrub showing damage as in
Category 2.

4. 75% - Approximately 75% of the shrub showing damage as in
Category 2.

5. ~100% - Dead, i.e., completely defoliated, or remaining
foliage dry and gray-brown and subject to fall when
disturbed.

. Cbmp]ete tabulations of the data obtained from this survey are presented
in Tables D-1 through D-8. '
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Table D-1. Station 10N shrub volumes and
estimated extent of damage.
ESTIMATED EXTENT OF DAMAGE (%)
Calculated
shrub Total
volume 0 5 50 s 100 sample
(M?)
' NUMBERS OF SHRUBS IN EACH CATEGORY
0.5 1 4 1 1 1 8
1.0 13 7 3 1 0 24
1.5 6 6 2 0 0 14
2.0 3 7 0 1 1 12
2.5 1 2 1 0 0 4
3.0 0 2 1 0 0 3
3.5 1 0 1 0 0 2
4.0 1 4 0 0 0 5
4.5 0 0 0 0 0 0
5.0 0 0 0 0 0 0
5.5 0 0 0 0 0 0
6.0 0 2 0 0 0 2
78
DOSE (RADS) AT DOSIMETER STATION
Gamma 380
Beta 3420
total 3800
Table D-2. Station 9N shrub volumes and
estimated extent of damage.
ESTIMATED EXTENT OF DAMAGE (%)
Calculated
shrub Total
volume 0 25 50 75 100 sample
(M3)
NUMBERS OF SHRUBS IN EACH CATEGORY
0.5 3 3 5 3 2 16
1.0 1 4 2 2 3 12
1.5 4 2 4 5 ] 16
2.0 0 5 2 3 0 10
2.5 4 7 1 1 0 13
3.0 2 9 3 1 0 15
3.5 1 1 2 1 0 5
4.0 1 5 1 0 0 7
4.5 0 0 2 0 0 2
5.0 0 1 0 0 0 1
5.5 0 0 0 0 0 0
6.0 0 2 0 2 0 4
Y07
DOSE (RADS) AT DOSIMETER STATION
Gamma 500
Beta 4500
Total 5000
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-extent of. damage.

¥

Table D-3. Station 5 shrub volumes and estimated

ESTIMATED EXTENT OF DAMAGE (%)

Calculated .
shrub Total
volume ' 0 .25 E 50 ‘ 75 100 sample
(M*) ‘

NUMBERS OF SHRUBS IN EACH CATEGORY
0.5 0 1 1 2 4 8
1.0 2 - 3 2 5 17
1.5 2 3 2 3 5 15
2.0 1 2 1 6 1 1M
2.5 0 .6 3 4 1 14
. 3.0 0. 2 ] 2 4 9
3.5 0 0 1 0 1 2
4.0 0 0 0 1 -0 1
4.5 0 0 1 0 0 1
5.0 0 0 0 2 0 2
5.5 0 0 0 0 0 0
6.0 0 1 1 0 0 2
82
DOSE (RADS) AT DOSIMETER STATION
Gamma 610
Beta 4830
Total 5440
ESTIMATED EXTENT OF DAMAGE (%)
Calculated
shrub Total
volume 0 25 50 75 100 sample
(m3)
NUMBERS OF SHRUBS IN EACH CATEGORY
0.5 0 0 3 0 12 15
1.0 1 2 5 7 6 21
1.5 0 1 6 8 7 22
2.0 2 4 3 5 2 16
2.5 0 1 2 1 1 5
3.0 0 1 3 3 3 10
3.5 0 5 1 1 ] 8
4.0 1 0 1 0 ] 3
4.5 0 1 0 0 0 1
5.0 0 0 0 1 0 1
5.5 0 0 1 0 1 2
6.0 0 0 2 0 0 2
' 106

DOSE (RADS) AT DOSIMETER STATION

Gamma 600
Beta 4650
Total 525




Table D-5. Station 7 shrub volumes and estimated
extent of damage.

ESTIMATED EXTENT OF DAMAGE (%)

Calculated Total
shrub ota
volume 0 25 50 75 100 sample
(M)

NUMBERS OF SHRUBS IN EACH CATEGORY
0.5 0 2 1 2 4 9
1.0 0 3 4 11 19 37
1.5 1 1 0 3 10 15
2.0 1 2 4 8 3 18
2.5 0 2 1 1 2 6
3.0 0 0 "0 2 2. 4
3.5 1 1 ] 2 1 6
4.0 1 0 0 1 2 4
4.5 0 1 0 0 0 1
5.0 1 0 0 2 0 3
5.5 0 0 1 1 0 2
6.0 1 0 0 0 0 1
' ' T06
DOSE (RADS) AT DOSIMETER STATION
Gamma 700
Beta 5100
Total 5800

Table D-6. Station 8 shrub volumes and estimated
extent of damage.

ESTIMATED EXTENT OF DAMAGE (%)
Calculated
shrub Total
volume 0 25 >0 75 100 sample
()
NUMBERS OF SHRUBS IN EACH CATEGORY
0.5 1 0 3 3 5 12
1.0 0 5 2 1 1 29
1.5 0 1 3 8 4 16
2.0 1 0 3 6 4 14
2.5 0 5 2 3 1 1
3.0 0 1 1- 3 0 5
3.5 1 0 1 1 0 3
4.0 0 1 1 0 1 3
4.5 0 0 0 1 0 1
5.0 0 1 0 0 0 1
5.5 0 0 0 0 0 0
6.0 2 2 0 0 1 _5
100
DOSE (RADS) AT DOSIMETER STATION
Gamma 720
Beta 5040
Total 5760




Table D-7. Station 10 shrub volumes and estimated
extent of damage.

ESTIMATED EXTENT OF DAMAGE (%)
Calculated
! shrub Total
¢ ’ volume 0 25 ) 50 T8 ?00 sample
(M3) )
NUMBERS OF SHRUBS IN EACH CATEGORY
. 0.5 5 2 1 6 5 19 -
» 1.0 4 5 8 n 4 32
1.5 0 4 5 8 2 19
2.0 0 6 5 2 5 18
T 2.5 1 3 5 6 2 15
3.0 2 5 2 2 2 13
3.5 0 2 0 0 0 2
4.0 1 0 0 1 0 2
~4.5 0 1 0 1 0 2
5.0 0 0 0 1 0 1
5.5 0 0 0 0 0 0
6.0 1 0 0 0 0 1
124
DOSE (RADS) AT DOSIMETER STATION
Gamma 800
Beta 5400
Total 6200

Table D-8. Statﬁon 11 shrub volumes and estimated
.extent of damage.

ESTIMATED EXTENT OF DAMAGEA(%)
Calculated
shrub Total
volume 0 25 50 75 100 sample
(M%)
NUMBERS OF SHRUBS IN EACH CATEGORY
0.5 1 3 7 3 2 16
. 1.0 4 6 9 6 4 29
1.5 3 7 7 3 1 21
2.0 1 4 3 2 1 1"
R 2.5 0 0 1 1 2 4
3.0 0 5 1 1 2 9
3.5 0 1 0 1 0 2
4.0 0 1 2 0 0 3
4.5 0 1 1 0 0 2
! 5.0 0 1 0 0 0 ]
5.5 0 1 0 0 0 1
6.0 0 0 1 1 0 2
T0T
! DOSE (RADS) AT DOSIMETER STATION
o A I Gamna 750"
: Ll : . Beta 5100
Total 5850
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