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ABSTRACT OF THESIS

I '

                     RESPONSE OF SHORTGRA
SS PLAINS VEGETATION

TO CHRONIC AND SEASONALLY ADMINISTERED GA
MMA RADIATION

In order to determine the effect of radia
tion on the structure

of native shortgrass plains vegetation, a
n 8750 Ci 137Cs source was

installed on the Central Plains Experime
ntal Range near Nunn, Colorado;

The experimental area was divided into 6
 treatment sectors, a control,

2 sectors for chronic exposure (irradiat
ion initiated April 1969 and

continuing as of August 1971), and one e
ach for spring, summer and

late fall seasonal semi-acute (30 day), exposures which were admin-

istered during April, July and December,
1969, respectively. 0

\

Community structure was measured by coefficien€ of community and

diversity index.  Yield was determined b
y clipping plots in September

'2

1970 and visual estimates in September 1
969 and 1970 for the grass- Y:.

sedge component of the vegetation. Individual species sensitivity was

determined by density data recorded in A
pril, June and September of

1969 and 1970 and by a phenological inde
x recorded at weekly intervals

during the 1969 and 1970 growing seasons.

The response of the vegetation was simil
ar whether determined by

coefficient of community or diversity wi
th diversity being a more

sensitive measure of effects. In. the chronically exposed sectors,
4

the exposure rate which resulted in a 50
 per cent reduction in these

2 parameters (CC50 or D50) was still dec
reasing the second growing

season and was approximately 18 R/hr for
 the CC50 as of June 1970 .44

f.)':i

'4  f'J:

and 10 R/hr for the D50 as of September 
1970.  For the seasonally

exposed sectors, the late fall period (D
ecember, 1969) was the most
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FRONTISPIECE. Top section. General view of the

study area in late                March 1969 prior to initiation of irradiation.  The view is to the

west looking over the study area, the drainage area, towards a ridge

with the Front Range of the Rocky Mountains in the background.  Photo

taken with Canon FTQL SLR 35 mm camera using a Canon FL 200 mm lens.

Bottom section.  Closer view of irradiator and study area as of

4 August 1970, nearly two growing seasons after initiation of irrad-

iation.  The late fall exposed sector is in the lower foreground

with the summer exposed sector to the left.  The chronically exposed

sectors extend towards. the upper right from beyond the irradiator.

Note the heavy growth of invader species in the summer exposed area

near the source and almost complete lack of recovery in the late fall

exposed sector. Insect pitfall traps can be seen in the late fall

exposed sector.  Lower photo taken with a Canon FTQL SLR 35 mm

camers using a Canon FL 28 mm lens.  Details of the lead brick arrange-

ment used for the sky-shine shield, contour of the lead filled rim

extending down from the sky-shine shield and the stacking of the lead

brick used for shielding various sectors can be seen in both photos.
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ABSTRACT OF THESIS

1 /-'.\ RESPONSE OF SHORTGRASS PLAINS VEGETATIONL.Y
TO CHRONIC AND SEASONALLY ADMINISTERED GAMMA RADIATION

In order to determine the effect of radiation on the structure

137
of native shortgrass plains vegetation, an 8750 Ci Cs source was

installed on the Central Plains Experimental Range near Nunn, Colorado.

The experimental area was divided into 6 treatment sectors, a control,

2 sectors for chronic exposure (irradiation initiated April 1969 and

continuing as of August 1971), and one each for spring, summer and

             late fall seasonal semi-acute (30 day) exposures which were admin

istered during April, July and December, 1969, respectively.

Community structure was measured by coefficient of community and

diversity index.  Yield was determined by clipping plots in September

1970 and visual estimates in September 1969 and 1970 for the grass-

sedge component of the vegetation.  Individual species sensitivity was

determined by density data recorded in April, June and September of

1969 and 1970 and by a phenological index recorded at weekly intervals

during the 1969 and 1970 growing seasons.

<                   The response of the vegetation was similar whether determined by

coefficient of community or diversity with diversity being a more

sensitive measure of effects. In the chronically exposed sectors,

the exposure rate which resulted in a 50 per cent reduction in these

2 parameters (CC50 or D50) was still decreasing the second growing

season and was approximately 18 R/hr for the CC50 as of June 1970

and 10 R/hr for the D50 as of September 1970.  For the seasonally

exposed sectors, the late fall period (December, 1969) was the most

iii



sensitive, summer (July, 1969) the least sensitive and spring (April,

1969) intermediate with CC50 and D50 values of 195 and 90, 240 and 222,

and 120 and 74 R/hr for the spring, summer and late fall exposed

sectors, respectively.

Yield and density data indicated a rapid revegetation of the

spring and summer exposed sectors during 1970 as a result of an

influx of invader species such as Salsola kali tenuifolia, Chenopodium

leptophyllum and Lepidium densiflorum and the reappearance of perenn-

ials with underground perennating organs such as Lygodesmia juncea,

Gaura coccinea and Oenothera coronopifolia.

The most sensitive indicator of radiation damage was the

phenological index with a chronic exposure rate of 1 R/hr delaying

the development of Tradescantia occidentalis and Opuntia polyacantha.

The shortgrass plains vegetation appears to be one of the most

resistant community types studied to date with semi-acute exposures

of 45 to 75 kR necessary to decrease diversity to 50 per cent of the

control value.

Leslie Fraley, Jr.

0 Department of Radiology and
Radiation Biology

Colorado State University
Fort Collins, Colorado 80521

August 1971
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CHAPTER 1

BACKGROUND

Introduction

Man has evolved with radiation as a part of his environment.

During the time of modern man, the apparent natural radiation levels

have been approximately 100 to 200 mR/yr (Morgan & Turner , 1967).

It has not been possible to evaluate the effect of this amount of

radiation on the various components of the world ecosystem, but man

and other biological components of the biosphere have apparently been

able to survive and function without serious limitations placed on

            them by this level of background radiation.

During the past few decades changes have occurred which seem

likely to increase the levels of radiation to many, if not all, com-

ponents of the biosphere. Some of these changes are, (a) a rapid

increase in world population, (b) an increase in the per-capita

consumption of energy and material goods and (c) a stockpiling of

nuclear weapons by some countries, par-tially as a result of political

pressures due to items (a) and (b) above.

There appear to be at least 6 potential sources of contamination

of the biosphere or certain ecosystems by radioactive materials.  These

are weapons testing or other nuclear explosions, operational releases

by power reactors, reactor fuel processing, waste disposal, reactor

accidents, and nuclear war.

At the present time the testing of nuclear explosions is limited

to underground shots (except for countries not restricted by the

Nuclear Test Ban Treaty) and does not appear to be a serious threat
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for widespread contamination in the near future although this could

change.

0 The release of radioactive materials during the normal operation

of power reactors apparently has not resulted in exposures at the

level under consideration in this study.  This is not meant to imply

that the resulting exposures from this source are insignificant.

Phssible concentration of radionuclides in the food chain must be

considered (Tamplin, 1970).  The total amount of activity released

during reactor operation, fuel processing and/or waste disposal could

increase during the next few years as more reactors become operable

<            (Lyerly and Mitchell, 1969).

Nuclear reactor accidents, such as the one at Windscale, England

in October 1957, could result in high level contamination and the

resulting exposures could be high enough to cause measurable changes

in ecosystems.  Actual exposures are difficult to predict but the

Windscale release might have resulted in a thyroid dose of 16 rad for

one child (Morgan and Turner, 1967).  The area receiving high level

exposures from reactor accidents would be relatively small and the

           capacity for recovery should be high since resources could be moved
in from outside the affected area.

The most serious threat of widespread, high level contamination

is nuclear war. Both the United States and Russia have large stock-

piles of nuclear weapons.  As of 1 January 1971 the United States had

approximately 2000 megatons equivalent of weapons delegated for use on

missiles and Russia had approximately 6000 megatons equivalent.  Neither

of these values include the weapons designated for delivery by long and

medium range bombers (Scoville, 1971 and U.S. Department of Defense,

<              1969).
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Wl,i.le  one would  like to assume that these weapons would never be

              used, tlie very.fact
of their availability poses a threat that must be

considered.  Based on past political decisions that have led to

military involvement it appears that some of the decisions made were

not in the best interests of natural biological systems, including man.

Further, if a nuclear attack (or counter-attack) were actually

carried out, I believe it is reasonable to assume that the maximum

number of weapons possible would be used by all nations involved.

Theref ore, the resulting contamination would likely be heavy  and

widespread.

0 Miller and LeRiviere (1966) presented estimates of 1200 and 6000

R/hr at 1 hr isoexposure rate lines on maps of the contiguous 48

states for possible intermediate and heavy level attacks.  I combined

the approximate areas on the heavy attack map with the fallout decay

power functions (U.S. Department of Health, Education and Welfare,

1960) to obtain estimates of the total integrated exposures for the

48 contiguous states of the United States and the Western Great Plains

area of the United States originally dominated by shortgrass and mixed

<            prairie.  I have projected that approximately 900,000 square miles of

the United States and 214,000 square miles of the shortgrass prairie

could receive exposures equal to or in excess of 4.4 kR and that

approximately 300,000 square miles of the United States and 75,000

square miles of the shortgrass prairie could receive exposures equal to

or in excess of 45 kR.  In each case presented, approximately 50 per

cent of the exposure would be received in the first 30 days.

With the above areas and levels of exposures, inputs of all

n types (i.e., biological, such as seed, manpower, communications, and

\-/
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other physical resources) from outside areas would be much more diff-

ie.tilt  than when small areas are exposed and recovery of ecological,
L) poll l.i.cal and economic systems may be very difficult and slow.

Exposures at these levels have been shown to severely damage some

plant communities (McCormick,  1969) .

Effects Of Ionizing Radiation On Plant Communities

Studies on the effects of ionizing radiation on natural plant

communities have been limited by the availability of suitable sources,

suitable areas in which to carry· out the studies and availability of

other resources such as personnel and funding.  A radiation field was0
constructed on the campus of Emory University (Platt, 1963).  McCormick

(1963) used this source to irradiate island communities of the granite

outcrops of the southeastern United States for a period of 17 weeks.

Exposures of more than 40 kR resulted in a marked decrease in the

density of spring flora the following year. In areas receiving 8 to

23 kR there was an increase in the density of one species and a decrease

in the density of another, resulting in a shift in the ecotone. Such

a shift was not present the second year after irradiation. Irradiation

0         of the summer flora resulted in the more resistant species becoming

dominant at the higher exposures (approximately 40 kR) and maintaining

that dominance over the next two years.

At Brookhaven National Laboratory a large 60Co source (Sparrow

and Singleton, 1953) was used to irradiate first and second year old

field communities (Woodwell and Oosting, 1965).  These authors reported

a decrease in diversity (as measured by the number of species per

square meter) from 6.8 for the control to 0.1 at an exposure rate of

3.2 kR/20 hr day with some indication of a possible increase of diversity
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at intermediate levels of exposure rates, 49 and 110 R/20 hr day.  The

coefficient of community also decreased with increasing exposure rates

with a 50 per cent change corresponding to a three fold change in

exposure rate.

Also at Brookhaven, a large 137Cs source was installed in a near

climax oak-pine forest (Woodwell, 1963).  Woodwell and Rebuck (1967)

reported the development of 5 zones during 4 years of irradiation which

were related to the stratification patterns of the vegetation.  They

also reported a decrease in diversity (measured as the number of species

per square meter) of about 5.5 at less than 17 R/day to zero at exposure

rates of above 300 R/day for 1962.  There was a slight decrease in

diversity for a given exposure rate for 1963 with very little change for

1964.  There appeared to develop, at somewhat lower exposure rates

(approximately 10 R/day) a small increase in diversity.  The coefficient

of community for the oak-pine forest decreased in manner similar to

diversity and at about the same exposure rate levels.

More recently, a portable Cs source was developed at the137

University of Georgia Institute of Radiation Ecology (McCormick and

Golly, 1966) for use on various ecosystems and at various times of the

year.  McCormick (1966, 1969) used this source to irradiate a pine

forest for a 200 hour exposure.  He reported a decrease in diversity,

percentage similarity and community coefficient with increasing ex-

posure rates but not always in the same linear manner reported in other

studies. Monk (1966) used this source to irradiate an old field commun-

ity for 400 hours.  Again, there was a decrease in diversity, percentage

similarity and coefficient of community with increasing exposure and

Monk reported that an exposure of 8.5 kR (22 R/hr exposure rate - my
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calculation) resulted in a diversity of 50 per cent when compared to

the diversity of the same plots before irradiation.  Both percentage

similarity and diversity data were fit to a straight line against the

logarithm of the exposure.  No clear pattern of change in the

coefficient of community was reported.  Miller (1968) used this same

portable source to irradiate an old field community in each of four

seasons for 696 hours.  He reported decreases in diversity, percentage

similarity and coefficient of community with increasing exposures for

all seasons of exposure with the greatest reduction in the spring and

the smallest reduction in the fall.

                In addition to studies conducted with large gamma sources, some

studies have been carried out near unshielded reactors that were con-

structed in a natural plant community. The 10 megawatt reactor at the

U.S. Air Force Plant 67 near Dawsonville, Georgia and operated by

Lockheed Aircraft Corporation provided a mixed gamma-neutron flux for a

study conducted by Daniel (1963).  In general, the ratio of gamma to

neutron radiation doses varied from approximately 2:1 to 7:1; increasing

with distance from the reactor (Cowan and Platt, 1963).  Daniel reported

0 a reversal or a prolongation of successional stages as a result of the

radiation.  Witherspoon (1965, 1969) studied the forest around the

Health Physics Research Reactor at Oak Ridge National Laboratory, Oak

Ridge, Tennessee. The ratio of gamma to neutron radiation dose was

0.1 at a distance of 3 to 4 m from the reactor core. Witherspoon

reported the sensitivities of selected. tree species and compared these

to results using gamma irradiation.  No effects on community structure

were reported.

0
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Obj ectives

                More information is needed about the sensitivities of additional
plant communities and how their sensitivities vary with season.  The

study presented in this thesis was designed to accomplish the following

objectives:

1.  to determine the effects of a wide range of exposure

rates of radiation on the structure of native shortgrass

plains vegetation.

2.  to evaluate the effect of season on the structural

sensitivity of shortgrass plains vegetation to shorter term0
gamma radiation.

3.  to determine the sensitivity of specific species found

in a native shortgrass plains plant stand to gamma radiation.

4.  to determine early recovery patterns of shortgrass plains

vegetation after damage by gamma radiation.

0
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CHAPTER 2

  .                         
        MATERIALS & METHODS

Site Description

The study area is located approximately 6 miles north and 2 miles

east of Nunn, Colorado in the northeast quarter of Section 34, Town-

ship 10 North, Range 66 West of the Sixth P.M. of Weld County.  The

area is owned by the U.S. Department of Agriculture, is administered

by the Agricultural Research Service (ARS) and is on the Central Plains

Experimental Range (CPER).  It is part of an allotment used by the Crow

Valley Grazing Association.  The ARS and the grazing association0 agreed to the withdrawal of a circular area of 31.5 acres for this

study. The study area is approximately 1.5 miles southeast of the head-

quarters of the Grasslands Biome, International Biological Program

for the Pawnee site and is typical of the IBP study area.

The selection criteria for the site were availability, uniformity

of slope, soil and vegetation and natural shielding features.  The area

chosen has a fairly uniform slope of 3 per cent towards the south-

southeast.  The soil type, typical of uplands on the CPER, is Ascalon

            sandy loam with the top 3 feet composed of sandy silt, which is under-

lain by a fine sand to a depth of 6 feet when a gravel lense occurs

which extends to a depth of 7.5 feet (Whicker and Dahl, 1968).

The terrain around the site lended itself to natural shielding.

The 'site was bounded on the north by a small rise, on the east and

south by a ridge and on the west by a small rise followed by a slope

leading downward to a flood plain and creek.  These features, combined

with a sky-shine shield at the source considerably reduced the rad-

<             iation levels at the outer fence.t.
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The vegetation was a native shortgrass plains stand dominated

hy blue grama (Bouteloua gracilis) and was characteristic of upland

Hot | types (Hyder  et  81·,  1966).   An area  200  feet wide  and  100  feet

long in the study area was frequency sampled in September 1968 using

a stratified sample of 200 quadrats.

Blue grama was sampled using a 5 X 5 c m quadrat and all other

species using a 25 X 25 cm quadrat.  Twenty six species were recorded

(Table 1) although some species characteristic of the area were

probably missed due to the sampling date.  See Appendix 1 for a list

of all species identified in the study area.0 The general climate of the area was typified by strong winds,

variable precipitation and a wide temperature range.  The Central

Plains Experimental Range climatic records show that winds of 30-50

mile/hour are common from November to May (Klipple and Costello,

1960).  The average annual precipitation is 12 inches but is char-

acterized by large yearly as well as monthly variations.  The three

wettest months, May, June and July, produce 50 per cent of the annual

precipitation while the four driest months, November, December, January

/01
Ly and February, produce only 8 per cent of the precipitation.  Eighty

per cent of the annual precipitation comes during the months of April-

September, inclusive.  The mean maximum and minimum daily temperatures

for January and February during 1959-1963 were 5.80 Celcius and -11.1'C

respectively (Vaughn, 1967).  Mean maximum and minimum temperatures for

July and August during 1959-1963 were 280C and 11.50C respectively.

A photograph of the general area can be viewed in the Frontispiece.

0
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Table 1.  Frequency of occurrence of plant species in the study area on

19 September 1968 for 200 quadrats.0
species frequency

Bouteloua gracilis (blue grama) 80 t 3*

Sphaeralcea coccinea (scarlet globemallow) 40 +4

Opuntia polyacantha (plains pricklypear) 30 + 5

Lygodesmia juncea (rush skeletonplant) 23 + 4

Eriogonum effusum (buckwheat) 14 + 3

Tradescantia occidentalis (prairie spiderwort) 6 t 2

<             Euphorbia glypotsperma (ridgeseed
euphorbia) 6 t l

Aristida longiseta (red threeawn) 5 t 2

Thelesperma megapotamicum                                   4

Chrysothamnus nauseosus (rubber rabbitbrush)                 4

Sporobolus cryptandrus (sand dropseed)                       4

Oenothera coronopifolia (evening primrose)                   4

Senecio tridenticulatus                                     3

Carex heliophila (sun sedge)                                2

Gutierrezia sarothrae (broom snakeweed)                      20 2Parmelia 32.

Gaura coccinea (scarlet gaura)                               2

Thelesperma trifidum                                          2

Chenopodium leptophyllum (slimleaf goosefoot)                1

Lithospermum incisum (gromwell)                             1

Psoralea tenuiflora (slimflower scurfpea)                    1

Chrysopsis villosa (hairy goldaster)                         1

Cirsium undulatum (wavyleaf thistle)                         1

0
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'1'able 1. (continued)

species frequency

Muhlenbergia torreyi (ring muhly)                            1

Plantago purshii (woolly indianwheat)                       1

Sitanion hystrix (bottlebrush squirreltail)                  1

* f one standard error as calculated by method of Hyder, et al· (1965)
for the eight most frequently sampled species.0

0
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Radiation Source

The source consisted of 8750 Ci (as of September 1968) of 137cs

as CsCl packed in a stainless steel cylinder 1 inch in diameter and

7.5 inches long.  The container was mounted in the irradiator formerly

used at Blandy Experimental Farm, University of Virginia (Singleton,

,et  al·, 1961). Source fabrication and mounting was  done by Oak

Ridge National Laboratory.  Minor modifications were made to the

irradiator by personnel of the Colorado State University Physical Plant

to make it compatible with the present installation.  The irradiator

            was set in
a foundation designed to support the lead "pig" and

shielding associated with the sky-shine and treatment sector shields

(Fig. 1 and Frontispiece) without appreciable settling.  Approximately

10 ton of lead brick, 1 ton of lead shot and the 2 ton lead pig com-

prised the weight of the irradiator and sky-shine shield.  The control

house was constructed 500 feet to the north (magnetic) of the source.

A winch and control panel box were mounted in the control house and

a winch drum mounted on the irradiator mast. A wire rope was wound

around the winch drum on the mast, through a 2.5 inch diameter plastic0 pipe located approximately 18 inches underground, to the control

house, up through the floor, around the winch drum, to a spring loaded

pulley on the ceiling, back to the floor and through the underground

pipe and connected to the loose end at the winch drum on the mast.

Spring tension on the ceiling pulley was adjusted to minimize slippage

on the drums.  This arrangement gave a positive two-way drive at the

mast drum.  An additional wire rope was fastened to the mast drum, up a

guide pipe, over a pulley at the top of the mast and down to the top
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Fig. 1.  Cross-section of irradiator installation showing
details of foundation, source, "pig", sky-shine shield and
lifting mechanism.  Depth of the shot filled rim varied to
match contour of study area in order to confine the primary
radiation beam within the study area. Mast extends 2.9 m
above the lead pig.

0

0
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of a heavy duty implement type spring (k=100 lb/inch).  The

lower end of the spring was fastened to a 12 volt DC (approximately

4 amperes) electromagnet which mated with a steel, 1 inch thick,

plate on top of the lead plug in the lead pig.  The source container

was  mounted  to the lower  end  of  the  lead  plug.    A  "mole"  was

clamped to the wire rope in the guide pipe which actuated a micro-

switch at either end to energize either a "source up" or "source

down" light on the control panel in the control house.

The electrical system for the source consisted of a 110 volt,

0 60 Hertz to 12 volt DC float charger (LaMARCHE Manufacturing Co.,

Model A-11) as a main power source for the electromagnet.  Two heavy

duty NAPA7222 twelve volt batteries were placed in parallel to the

output of the charger as a backup power source.  These batteries had

the capability of furnishing necessary power for the electromagnet

for up to 48 hours.  The charger would recharge the batteries after a

period of use. The 12 volt DC line furnished power for 3 indicator

lamps on the control panel, the 2 previously mentioned plus an

"electromagnet energized" lamp.  The line was also connected to a

0 relay which actuated the electromagnet. The relay  coil  was in series

with 2 switches and a #14 electrical wire mounted on the security

fence.  One switch was a toggle switch mounted under a locked plate

on the control panel with the key hung in a cabinet in the control

house. The other switch was mounted between the two sections of the

double gate leading into the gamma field and acted as a safety inter-

lock.  With both switches on and the wire around the security fence

intact (indicating no gross damage to the security fence) the

0
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electromagnet could be energized and the source raised.  As the

           source was raised a bar, wh-ich-was-coupled to the winch, moved across

the control house door leading toward the gamma field preventing

opening of the door. As the source was lowered, the bar moved back

allowing the door to be opened.  When the source was lowered, a

padlock was fastened to the winch drum by each worker entering the

radiation field.  The key to the padlock was retained by the worker

until he left the field and then he removed the appropriate padlock.

Duplicate keys to the padlocks, as well as all other locks at the

facility, were kept in a locked key box in office of the Principle0
Investigator, Dr. F.W. Whicker, Biochemistry and Radiation Biology

Building, Colorado State University.

Lowering (and raising) of the source was monitored at the

control house with a GM survey meter.  The first person going into the

gamma field carried the survey meter to the source to insure that

the source was completely lowered into the lead pig.

The fencing around the radiation field included a 9 foot high

chain link security fence topped with 3 strands of barbed wire

(Fig.  2). This fence was located at a radius of 200 feet from the

source and had a double gate at the lane which extends directly from

the control house to the source.  A 4 strand barbed wire fence was

located at a radius of 660 feet from the source. This fence served

as a mild barrier to keep humans and livestock away from the study

area.  The lane leading from the barbed wire fence, past the control

house, to the security fence was also bordered by a 4 strand barbed

wire fence.  In addition to these safety features, others were locked

<              doors on the control house except when in use, heavy metal gri
lls over
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Fig. 2.  Overall design of gamma field showing outer fence
perimeter, lane and control house, security fence perimeter
and layout of the six treatment sectors.  The outer fence
(barbed wire) enclosed 12.7 hectares (31.4 acres) and the
security fence (9 feet high chain link) enclosed 1.17
hectares (2.88 acres).
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all windows of the control house, all gates fastened with a heavy

0 chain and padlocked except when in use, radiation area warning signs

no less than 50 feet apart on the security fence nor 100 feet apart

on the barbed wire fence, a large illuminated warning sign at the

entrance gate of the barbed wire fence and operation of the source only

by authorized persons who were familiar with the details of the install-

ation.  Many of these precautions were necessary because the source

was left in the up position almost continually with up to 7 days

between visits by department personnel. (See Appendix 2 for a copy

of the operating procedures.)0 A complete record was maintained of the use of the facility on

a log sheet which was filled out each time a visit was made to the

facility.  Information on the log sheet included the name of persons

visiting the area, initial and final radiation survey and time of

lowering and raising the source (See Appendix 2 for a copy of the log

sheet.)

Radiation Field

The nature of the radiation field was a result of the size and0 configuration of the source combined with the modifying effects of

the sky-shine shield and supporting structures.

Mapping of the radiation field was done using 1.4 X 1.4 X 7 mm

LiF rod thermoluminescent dosimeters (TLDs) obtained from the Harshaw

Chemical Company (type 100).  The TLDs were calibrated using a 50 Ci

60Co source. During calibration and use all dosimeters were left

in their original plastic vials and the vial was placed in a plastic

holder which supported the TLD 2.5 cm above the soil surface.  The

0
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total plastic thickness was 2 mm or more around the TLD to insure

electronic equilibrium.

                Initial mapping of the radiation field was done on 9 January and

1 February 1969 to give information about the change in exposure                .64

rate with distance and angle.  This information was used
 to finalize

the experimental design.  More mapping was dane during t
he course of

the experiment and results from all readings were used to determine

the characteristics of the radiation field (Fig. 3).  The exp
osure

rate versus distance curve, as measured with sky-shine shie
ld in

place and sectors. 1, 4, 5&6 shielded, is shown along with the

<            theoretical inverse-square curve and the exposure ·
rate curve for the

shielded sectors.  The measured values were from the center 
line of

each sector.  The higher actual values close to the source a
s compared

to the theoretical values were probably due to the scatter fro
m the

large amount of lead used to shield some sectors.  The mea
sured values

decreased with distance faster than the theoretical values 
because of

the lead shot-filled rim on the sky-shine shield.  There was a decrease

in the fraction of the primary beam that reached the ground with

increasing distance, starting from full primary beam up' to approx-

0 imately 7 m, decreasing to no primary beam at approximately 
32 m.

Beyond 32 m the radiation was composed entirely of scattered photons.

137
Results of a preliminary study using a 1 Ci source of Cs with a

sky-shine shield configuration similar to the one used at the grass-

land study area indicated that the effective photon energy decr
eased

with distance and was .5 MeV at 10.7 m, .35 MeV at 30.6 m an
d .28 MeV

at 42.7 m (Whicker and Dahl, 1968).

0
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Fig. 3. Exposure rate vs distance for open and shielded
sectors at the grassland irradiation gamma field and the
theoretical (inverse square) curve for 8750 ci of 137 CS

attenuated by 0.237 inches of stainless steel.
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The exposure rate did not vary with angle except for 5 to 70 on

either  side  of the sky-shine shield support plates. This eliminated

the use of 15' where each of the six support plates perturbed the

radiation field.  This left 450 for each sector for use in the study.

During the summer of 1969, Carl R. Throckmorton, a participant

in the Summer Institute of Radiation Biology,· mapped the field ver-

tically using the same TLDs.  No variation in the field was found

from the soil surface to 50 cm above the soil. There was an atten-

uation of the radiation with depth in the soil.  His data were

0 plotted as the ratio of exposure rate at a given depth to the ex-

posure rate at the soil surface versus distance from the source

(Fig. 4).

Experimental Design

The experimental design was determined by the objectives of the

experiment and the limitations imposed by the radiation field.  Point

sources limit the overall pattern to a circle.  The need to use 6

support plates for the sky-shine shield dictated the use of 6 sectors

or treatment areas (Fig. 2).  Space limitations for sampling prevented

the use of more sub-divisions of the areas. Each sector was divided

into 22 macroplots (Fig. 5), varying in distance from 2 to 50 m from

the source,.as measured 4long the soil surface from a ground level

point directly beneath the center of the source to the back edge of

the macroplot.  The first 8 macroplots were 1 meter wide with the

width of the rest adjusted to give an exposure rate decrease of approx-

imately 50 per cent from one macroplot to the next.  Two rows of 6

microplots were located in the center of each macroplot, along the back
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surface value as a function of distance from the source.
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edge. (Fig. 5).  Each microplot was permanently located and was

25 X 2 5 cm.  Each microplot was marked with two #X i X 8 inch

plastic stakes which mated with locating rings on a portable quadrat

frame.

The treatments were arbitrarily assigned to the 6 sectors with

the restriction that the 2 sectors towards the control house would

not be chronically exposed (Fig. 2). Sector 1, the control sector,

was shielded during the entire experiment and was subject only to

scattered radiation (Fig. 3).  Sectors 2 and 3 were designated the

chronic sectors  and were exposed the entire  time  of the experiment.

            The results reported in this thesis include data through the fall

of 1970 although the chronically exposed sectors will continue to be

exposed for several years.  Sectors 4, 5&6 were designated the semi-

acute seasonal sectors and were exposed for approximately 30 days

during spring, summer and late fall, respectively.  At all other times,

these 3 sectors were shielded with at least 8 inches of lead and

received only scattered radiation.  During the course of the experiment,

the source was lowered into the shielding pig for up to 4 hours each

day for work within the security fence area.  The source was lowered

only when necessary and no attempt was made to keep the number of hours

per week with the source up uniform from one period of time to another.

The spring treatment sector was exposed from 3 April 1969 to 6 May 1969,

the summer treatment sector from 2 July 1969 to 5 August 1969 and the

late fall treatment sector from 3 December 1969 to 7 January 1970

giving an average exposure of 796 hours for each sector (corrected for

source down time).

0
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Methods

                 Sampling of each microplot to measure community structure and

apecies sensitivity was accomplished by the use of a 25 X 25 cm

quadrat placed over permanently positioned locating stakes SO that

successive sampling data were obtained from the same areas.  Sampling

was done 3 times each year for the control (sector 1) and chronic

exposure sectors (sectors 2 & 3); early April (4-60 and 4-70), mid to

late June (6-69 and 6-70) and late September (9-69 and 9-70) except

for September 1970 when only sector 2 (chronic) was sampled.  For the

seasonally exposed sectors, pre-irradiation data were taken in early0 April (4-69) for the spring exposed sector, early July (7-69) for the

summer exposed sector and late September (9-69) for the late fall

exposed sector.  After the pre-irradiation data were taken, data were

taken in the seasonally exposed sectors at the same time data were

taken in the chronically exposed sectors including September 1970.

The density in stems per quadrat was recorded for each species except

blue grama and pricklypear (Opuntia polyacantha).  For blue grama, a

5 X 5 cm nested quadrat was used and the basal ground area (per cent

<             cover) was estimated.  For pricklypear the number of lobes in each

25 X 25 cm quadrat was recorded with at least & lobe in the quadrat

being necessary before counting that lobe.

The density data were converted to stems per square meter, cover

(in per cent) for blue grama and lobes per square meter for prickly-

pear.  From the density data, a species list was tabulated for each

group of microplots.  From this, a coefficient of community (CC) was

calculated using the relationship

CC = 2C/(A+B)
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where A equals the number of species in a control macroplot, B equals

the number of species in an exposed macroplot and C equals the number

of species common to each area (Greig-Smith, 1964).  The coefficient

of community value reported for each macroplot was the result of

calculating 19 separate values and taking the average.  These 19 values

were obtained by calculating a CC value using control plot 4, then

control plot 5, and so on, to control plot 22.  This was done because

there was no inherent reason to match any one control plot with any

one particular treated plot.  Control sector macroplots 1 through 3

were not used because they were in an exposure rate area (due to0 scattered radiation) that might result in radiation damage.

From the density data, frequency of occurrence in the 12

microplots was calculated.  From the frequency data, a diversity index

(D) was calculated for each macroplot using the relationship

n
D = -1.433   Piln(Pi)

i=1

where Pi was the frequency of occurrence of the ith species (Patten,

1962).

                 Also, the density data were used to determine survival for

selected species and the LD50 and/or LD100 for these species were

estimated.

The stage of development was recorded for selected species at

approximately weekly intervals.  These data were used to determine a

phenological index.

In late August 1969 and in September 1970 a visual estimate,

patterned after the method described by Pechanec and Pickford (1937),

was made of the grass-sedge component of the standing crop.  This
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estimate was determined for each microplot. Calibration was accom-

plished by clipping plots outside the radiation zone. After the 1970

visual estimate was made, all microplots were clipped and the standing

crop was divided into grass-sedge, forb and shrub components.  Aliquots

were dried .at 95'C until the mass stabilized to calculate dry weight.

Photographs were taken of approximately 1 square meter where the

microplots were located.  These were taken with a Canon FTQL 35 mm

SLR camera mounted on a tripod and a Canon FL 28 mm wide-angle lens

and repeated at intervals throughout the 1969 and 1970 growing seasons.

The tripod was placed at the same location each time so that compar-

0 isons could be made through time.  During the early part of the 1969

season, Kodak Plus-X film was used. Since then, Kodak Panatomic-X

film was used.  Approximately 1100 black and white photographs were

taken.

0

01\-3



CHAPTER 3

RESULTS

<                   The major purpose of this study was to determine the effects
 of

radiation on the structure of the vegetation under study.  Therefore,

most of the effort was applied to the community characteristics such

as coefficient of community and diversity.  This was done partly to

determine the sensitivity of the shortgrass plains vegetation to

radiation and partly to compare these results to other studies on

natural plant systems which were reported in this manner.  It was

understood that the sensitivity of the species present determined

<             the sensitivity of the vegetation in total.  The sensitivity of a few

species was reported to give an indication of the range of sensitiv-

ities encountered and to indicate a possible relationship between

species sensitivity and growth form.

Zonation

The overall result of the irradiation was the formation of 3

zones which seemed to occur regardless of types of effects examined.

The zone nearest the source was a region of complete lethality in which

<              all individuals of all species were apparently killed.  The width of

this "lethal" zone varied with time and the season of eiposure.  In

the second zone, the radiation eliminated some species and killed

individuals of some species and/or reduced growth.  The effect of the

radiation was proportional to dx/x (log x) where x represents the

exposure rate. This "effects" zone varied in width, in the actual

ratio of dx/x and with time and season of exposure.  The third zone

was the "no effects" zone where methods used did not detect any effect

0 of the radiation on the parameters under study.  In order to analyse
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the effects of the radiation and to determine the boundaries of the

zones, 2 methods were used.  The first was a linear regression using0 the model (y = bo + bl log x) to delineate the "effects" zone.  The

second method included the data from all the macroplots and fit the

data to the model

y  = IT/2k + 1/k arctan(-x/A +  B)

using a non-linear, least-squares fit, where y was the parameter

under consideration, k was defined by TT/k, wherelr/k equaled the "no

effects" average,  x was  the log (exposure  rate),  and A and B were

constants to be determined.0 For the linear regression the following method was used to find

the boundary between the "effects"  and  the "no effects" zones. Start-

ing in the sloping portion of the data, 5 consecutive ordered pairs'

of data were fit to the linear model

Y=bo+bllogx

where y was the parameter under consideration and x was the exposure

rate.  If the slope (bl) was significantly different from zero

2            (Snedecor, 1956) the ordered pair from the macroplot.nearest the

source (of the 5 pairs used) was dropped and the next one'was picked

up on the other end of the pairs and the linear regression repeated.

For example, if the first 5 pairs included data from macroplots 4, 5,

6, 7, & 8 and the slope was significantly different from zero, then

the data from macroplot 4 was dropped and the data from macroplot 9

was added so that the next regression was run on'data from macroplots

5, 6, 7, 8 & 9.  In every regression, 5 ordered pairs were used.  This

<              was continued until the slope did not differ significantly from zero.
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Then the center ordered pair from these 5 pairs was picked as the

           first pair in the "no effects" zone and those ordered pairs closer

to the source were considered to be in the "effects" zone.  The

"effects" zone continued in the direction of higher exposure rates up

to and including the first totally lethal macroplot of the "lethal"

zone.  After establishing the boundaries of the 3 zones, the data from

the "no effects" zone were used to establish a "no effects" average

value of the parameter under consideration.  Then the data in the

"effects" zone were fit to the linear model. A 50 per cent exposure

rate value was calculated to determine what exposure rate was necess-0 ary to give a response equal to 50 per cent of the "no effects"

average.  In order to give some idea of confidence limits about the

50 per cent value, a reverse regression was run on the data (i.e.

log y = bo + blx where y was the rate and x was the parameter under

consideration) and exposure rates for f 2 standard errors of the 50

per cent value were calculated.  A check on this method was made by

drawing in confidence bands on the normal regression for some of the

data and comparing the range in exposure rates from one confidence

              band to the next (at the.50 per cent value) to the. range in exposure

rates obtained by the reverse regression method.  Agreement was very

good and the reverse regression method was used in preference to the

confidence band method because it involved only calculations and no

hand plotting and interpolation were necessary. It is questionable

whether the confidence limits obtained from the reverse regression

could be used in any test of significance but I believe that the limits

are useful for estimating the general significance of the 50 per cent

<              values
 reported.
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The linear regression gave good results in the middle of the

"effects" zone but failed to properly fit either end where a tapering

effect seemed to exist.  In nearly all cases the data had a reverse

sigmotdal shape in the "effects" zone. The linear regression gave no

prediction of such a shape.  In order to fit this portion of the curve,

2 forms of reverse sigmoidal curves were tried. First, a form of the

population curve was tried:

y = k/(1+ea-r/x)

where y was the parameter under consideration, k was the "no effects"

            average, r was a constant to be determined for best fit, a was the

ratio r/k and x was the log(exposure rate).  This fit some of the

data very well but did not have enough flexibility in shape and slope

for a large fraction of the data.  The arctan function was also tried

and was found to fit the data very well except for the slope near the

50 per cent value which often had a larger absolute value than the

data would indicate.  However the 50 per cent effects values compared

very well with those values calculated by the linear regression method.

0
Coefficient of Community

Chronic irradiation

In the chronic sectors, the lethal zone for coefficient of

community (CC) increased in size through 1969 but did not increase

during 1970 (Table 2a).  The effects zone receeded from the source

and, after June 1969, the slope of the effects zone data remained

approximately constant (Fig. 6).  The exposure rate (in R/hr) to

give a 50 per cent reduction of the "no effects" average CC value

0
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Table 2a.  Coefficient of community as a function of

exposure rate for chronic irradiation treatment at
selected sampling dates.  Irradiation was initiated

0                  '-".

exposure
rate sampling date

(R/hr) 4-69 6-69 9-69 4-70 6-70

650 .48     .0

315 .58 .11

185 .58 .14

115 .59 .28     .0      .0      .0

68 .52 .37 .06 .04 .01

45 .61 .39 .07 .23 .030 28 .63 .47 .36 .46 .11

18 .60 .47 .49 .46 .20

12 .70 .60 .50 .53 .46

7.2 .63 .57 .54 .66 .61

4.8 .54 *** .52 .54 .52

"no effects"
mean .60 .57 .61 .59 .59

***These data were in the "no effects '  zone and therefore
not included in the table.

<                                    Table 2b. Parameters for fitted  line  y  =  bo  +  bl  log  x
using data from Table 2a.

sampling standard error

date        bo        bl          bo        bl        R2      LL SCC50 SUL*

6-69 .90 -.31 .04 .02 .97 735885107

9-69 .93 -.45 .10 .07 .87 18524533

4-70 1.0 -.47 .11 .08 .86 22531542

6-70 .90 -.49 .11 .08 .87 14 518 S 25

*Lower limit (LL) and upper limit (UL) represent i 2

                 standard
errors. See text for method of obtaining confidence

limits on CC50.
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Fig. 6.  Coefficient of community as a function of exposure
rate for the chronic irradiation treatment at selected
sampling dates. Irradiation was initiated 4-69.  Tick marks
at   the   top   of each curve indicate   the "no effects"   mean.
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(CC50) decreased through 1969, with no further decrease by April

1970 and some decrease by June 1970 (Table 2b).

Using the results of the fit to the arctan function, the CC50

values were essentially the same as those from the linear regression

model but the linear regression values averaged slightly lower (Table

3).

One major advantage of using the arctan model was that it provided

curves that could be used to form a three-dimensional "picture" Of

the effect of the radiation on the CC (Fig. 7).  For the chronically

exposed sectors the CC was at some average value (0.6) prior to0 exposure (1 April 1969) and after exposure began there was a rapid

decrease in CC to zero at the higher exposure rates.  At somewhat

lower exposure rates, the decrease in CC was slower during 1969,

essentially constant from September 1969 to April 1970 and then de-

creased further by June 1970.  At still lower exposure rates there

was no change with time in the CC ("no effects" zone) except for

slight seasonal variations.

  
Seasonal irradiation

For the seasonally exposed sectors, the CC50 indicated that the

shortgrass vegetation was most sensitive to gamma radiation in late

fall, least sensitive in summer and intermediate in spring (Tables 4a

and b and Fig. 8).

Examination of the three-dimensional diagrams indicated that for

the spring exposure (Fig. 9) there was a sharp drop in CC by June 1969

at the higher and intermediate exposure rates and by September 1969

the CC values were increasing at all exposure rates where decreases
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Table 3.  Fitted parameters for coefficient of community,
as a function of exposure rate (R/hr) for the equation
y =lT/2k+1/karctan(-x/A+B) for all irradiation treatments

at selected sampling dates.

irradiation sampling paramater CC50

treatment* date           A             B         (R/hr)

chronic 6-69 .24 + .066 8.2 f 2.3 100

9-69 .082 + .021 18 i 4.7        29

4-70 .091 + .030 17 i 5.5        35

6-70 .065 i .017 19 i 5.0        17

spring 6-69 .20 f .061 11 f 3.5 206

summer 9-69 .17 i .079 14 + 6.5 260

late fall 6-70 .31 + .088 6.7 + 1.9 120

*Chronic irradiation initiated 4-69; spring, summer and late
fall treatments applied in April, July and December, respec-
tively, in 1969.

0
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Fig. 7.  Coefficient of community as a function of exposure
rate and time after initiation of the chronic irradiation
treatment.
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Table 4a.  Pre and post irradiation coefficient of community

as a function of exposure rate for seasonal irradiation
/-  treatments.

exposure season of exposure
rate spring(4-69) summer(7-69) late fall(12-69)

(R/hr) 4-69* 6-69 6-69 9-69 9-69 6-70

650 .66     .0      .59     .0      .38     .0

315 .56 .21 .63 .37 .54 .16

185 .66 .36 .67 .34 .54 .32

115 .63 .36 .70 .55 .37 .27

68 .66 .51 .62 .62 .54 .29

45 *** *** *** *** .54 .47

28 *** *** *** ***     .59     .51

18 *** *** *** *** .55 .59

12 *** *** *** *** .59 .64

"no effects"
mean .56 .58 .59 .63 .61 .57

*First column for each exposure gives pre irradiation values,
the second column gives post irradiation values.

***These data were in the "no effects" zone and therefore not
included in the table.

Table 4b.  Parameters for fitted line y = bo + bl log x using

data from Table 4a.0 season of standard error

exposure bo bl bo bl R2 LLSCC5OSUL*

spring 1.4 -.49 .15 .06 .95 16051955240

summer 1.6 -.60 .27 .11 .90 18052405325

late fall  1.0 -3.5 .06 .03 .94 9551205155

*Lower limit (LL) and upper limit (UL) represent i 2 standard
errors.
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Fig. 8. Coefficient of community as a function of exposure
rate for seasonal irradiation treatment. Tick marks at the
top of each curve indicate the "no effects" mean.  Data were
collected 10, 13, and 28 weeks after the initiation of
irradiation of the spring, summer and late fall exposure
treatments, respectively.
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Fig. 9.  Coefficient of community as a function of exposure

rate and time for the spring irradiation treatment.  The

dark parallelogram on the horizontal axis (time) represents

the period of irradiation.
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had occurred.  By April 1970 the data no longer fit the arctan function

           and the actual data were plotted in Fig. 9 for the first 6 exposure

rates and the "no effects" average was plotted for the test of the

curve.

The summer exposure (Fig. 10) resulted in the same general pattern

with the July 1970 data not fitting the arctan function.

There was no indication of radiation damage, as measured by the

coefficient of community, by April 1970 for the December exposed

sector (Fig. 11).  By June 1970, damage was apparent and the arctan

function adequately described the vegetation response.0
Diversity Index

In general, the response of the shortgrass plant community to

radiation, as measured by diversity, closely paralled the response

as measured by coefficient of community with diversity being a more

sensitive measurement of radiation damage. The 50 per cent values

for the diversity index (DI50) averaged 70 per cent of the CC50

values.

            Chronic irradiation

For the chronically exposed sectors, the diversity decreased

through June 1970 without any further decrease being evident by

September 1970.  The slight increase of the 50 per cent value for

April 1970 over September 1969 that was apparent in the coefficient

of community data could not be seen in the diversity data (Tables 5a

and b and Fig. 12) .  The DI 50 results, as determined by the fit to the

arctan function were essentially the same as the DI50 values obtained

by the fit to the linear regression model (Table 6).
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Fig. 10. Coefficient of community as a function of exposure
rate and time for the summer irradiation treatment.  The
dark parallelogram on the horizontal axis (time) represents
the period of irradiation.
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Fig. 11.  Coefficient of community as a function of exposure
rate and time for the late fall irradiation treatment. The
dark parallelogram on the horizontal axis (time) represents
the period of irradiation.
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Table 5a.  Diversity index as a function of exposure rate for
chronic irradiation treatment at selected sampling dates.

                Normalized for seasonal fluctuations to the June 1970 controlsector mean of 4.4. Irradiation was initiated 4-69.

exposure
rate sampling date
(R/hr) 4-69 6-69 9-69 4-70 6-70 9-70

650 1.22      0

315 2.92 .30

185 . 4.69 .52

115 3.92 1.24      0       0       0       0

68 2.87 1.46 1.25 .48 .13 .73

45 4.87 2.70 1.28 1.17 .13      0V
28 2.13 3.10 2.86 3.15 .72 2.12

18 6.12 2.83 2.72 2.19 .74 1.35

12 4.78 *** *** *** 2.27 2.55

7.2 6.16 *** *** *** 3.47 1.79

4.8 4.61 *** *** *** 3.23 4.75

***These data were in the "no effects" zone and therefore not
included in the table.

i                  data from Table 5a.
Table 5b.  Parameters for fitted line y = bo + bl log x using

sampling standard error
date bo bl  bo bl R LLSDI 50 SUL*2

6-69 5.9 -2.2       .5     .3 .92 34547564

9-69 7.5 -3.6 1.2     .7 .90 23531540

4-70 7.2 -3.5 1.9 1.1 .76 17 527 542

6-70 5.1 -2.8       .7     .5 .86 8 511 5 16

9-70 5.4 -2.7 1.0     .7 .71 9 5 14524

<                errors.

*Lower limit (LL) and upper limit (UL) represent i 2 standard
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Fig. 12.  Diversity index as a function of exposure rate for
chronic irradiation treatment at selected sampling dates.
Normalized for seasonal fluctuations to the June 1970 control
sector mean of 4.4. Irradiation was initiated 4-69.
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Table 6.  Fitted parameters for diversity index as a function of

exposure rate (R/hr) for the equation y = TT/2k+1/karctan(-x/A+B)
for all irradiation treatments at selected sampling dates.

irradiation sampling parameter DI 50

treatment* date           A             B         (R/hr)

chronic 6-69 .21 + .049 8.0 + 1.9        50

9-69 .11 + .051 14 + 6.4        33

4-70 .20 f .085 6.5 + 2.9        21

6-70 .078 f..019 14 + 3.4        12

9-70 .18 + .072 5.2 i 2.2         8

spring 6-69 .17 f .081 11 i 5.2        72

0 summer 9-69 .096 f .10 24 + 26 180

late fall 6-70 .18 + .078 9.9 + 4.4        58

*Chronic irradiation initiated 4-69; spring, summer and late
fall treatments applied in April, July and December,

respectively, in 1969.

0
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When analysing the diversity data using the three-dimensional

0 plot (Fig. 13) an added variable, the change in diversity with season,

becomes readily apparent.  In order to reduce the effect of this

added variable as much as possible, the data were normalized to the

June 1970 control sector average (average value of 4.4) and plotted

(Fig. 14).  This allowed the effect of the radiation to become more

apparent.

In the chronically exposed sectors, the diversity dropped sharply

to zero at the higher exposure rates (Fig. 14).  At somewhat lower

exposure rates, the diversity decreased more slowly during 1969 and

0. then dropped more sharply during 1970.  There was still evidence of

decreasing diversity by September 1970.

Seasonal irradiation

For the seasonal exposures, the plant stand irradiated during

summer was the most resistant and the spring and late fall irradiated

plant stands showing approximately the same sensitivity with the DI50

slightly lower for the late fall irradiated plant stand (Tables 7a

and b and Fig. 15).

There was a sharp decrease in diversity for the spring exposed

sector by June 1969 followed by increasing diversity by September

(Fig. 16).  During 1970, the data no longer fit the arctan model and

the first 5 points plotted for each sampling data were the actual

data and the rest of each line was the "no effects" average.  The

diversity in the first 5 macroplots was erratic but tended to increase

through 1970.

0
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Fig. 13.  Diversity index (not normalized for seasonal fluc-
tuations) as a function of exposure rate and time after
initiation of the chronic irradiation treatment.
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Fig. 14. Diversity index as a function of exposure rate and
time after initiation of the chronic irradiation treatment.
Normalized for seasonal fluctuations to the June 1970 control
sector mean of 4.4.
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Table 7a.  Pre and post irradiation diversity index as a
function of exposure rate for seasonal irradiation

                June 1970 control sector mean of 4.4.

treatments. Normalized for seasonal fluctuations to the'

exposure season of exposure
rate spring(4-69) summer(7-69)  late fall(12-69)
(R/hr) 4-69* 6-69 6-69 9-69 9-69 6-70

650 1.81      0     6.03      0     3.62      0

315 3.12 .67 6.28 .71 4.67 .43

185 6.02 1.13 5.89 1.90 7.14 1.25

115 2.83 1.06 5.72 4.51 3.18 1.'98

68 4.82 2.16 4.45 4.91 6.09 1.28

45 5.61 4.05 5.20 7.03 5.99 3.89

28 *** *** *** *** 3.97 2.85

*First column for each exposure gives pre irradiation values,
the second column gives post irradiation values.
***These data were in the "no effects" zone and therefore not
included in the table.

Table 7b.  Parameters for fitted line y.= bo + bl log x using
data from Table 7a.

season of standard error
exposure        bo          bl            bo          bl            R2        LLS DI5O SUL*

spring 8.1 -3.0 1.6    .7 .81 55 590 51400
summer     17    -6.2      2     .8 .94 175 5222 5280

late fall 6.8 -2.5 1.3    .6 .76 45 574 5120

*Lower limit (LL) and upper limit (UL) represent t2 standard
errors.
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Fig. 15. Diversity index as a function of exposure rate for
spring, summer and late fall exposure to radiation.  Data
were collected 10, 13 and 28 weeks after initiation of irrad-
iation of the spring, summer and late fall exposure treatments,
respectively.  Normalized for seasonal fluctuations to the
June 1970 control sector mean of 4.4.
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Fig. 16.  Diversity index as a function of exposure rate and
time for the spring irradiation treatment.  Normalized for
seasonal fluctuations to the June 1970 control sector mean
of 4.4.  The dark parallelogram on the horizontal axis (time)
represents the period of irradiation.

A,

0



0 0 /=\
C==, (=/1

1--                             8                  j
/'// #/

\             1-11            I
i I//-' , I1        i -

51 ..
.*.

4,                                                                                                                  0.&

x        ./ er
-8 3,9                       ...          /  1 /       S
.- 4                          /

2,                                                                                  1                                 #7/.                                      1              /         .e
:                  '           3,_                                 /   2 tf0 .                        .,6 1.                                                        //             \51>                                         /00

5  0 -AE=                                              / .                                                                                                         /                     3         V
0 200 400 600

Days after I April 1969



67

For the plant stand irradiated during summer there was a decrease

            in diversity at the higher exposure rates by September 1969 and a

further decrease was apparent by April 1970 (Fig. 17).  However,

diversity had increased by the June and September 1970 sampling dates

and the data no longer fit the arctan model.  For these 2 sampling

dates, the actual data points were plotted for the first 5 macroplots

and the rest of the line was represented by the "no effects" average.

The diversity in these first 5 macroplots was erratic but seemed to

be increasing with time and decreasing exposure rates.

0 For the late fall exposed sector, the diversity did not show any

effect of the radiation by April 1970, the first sampling date after

irradiation (Fig. 18).  By June 1970, there was a sharp reduction in

diversity at higher exposure rates with little change by September

1970.

Yield

The total vegetative yield (g/m2 - dry weight) as of September

1970 as a function of exposure rate is shown in Fig. 19. In the

chronically exposed sectors the yield in all macroplots which received

an exposure rate greater than 1.3 R/hr was significantly lower than

the overall "no effects" average yield (130 g/m2).   For the spring

exposed sector, the 650 R/hr macroplot yield was significantly lower

than  the  "no ef fects" average yield. The yield  in  the  315 R/hr macro-

plot was considerably larger than the "no effects" average but was not

significantly different from the average because of a large variance.

0 The yield from all other macroplots was not significantly different
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Fig. 17.  Diversity index as a function of exposure rate and time
for the summer irradiation treatment. Normalized for seasonal
fluctuations to the June 1970 control sector mean of 4.4. The
dark parallelogram on the horizontal axis (time) represents the
period of irradiation.
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Fig. 18. Diversity index as a function of exposure rate and time
for the late fall irradiation treatment. Normalized for seasonal
fluctuations to the June 1970 control sector mean of 4.4. The
dark parallelogram on the horizontal axis (time) represents the
period of irradiation.
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Fig. 19.  Total vegetative yield (g/m2 - dry weight) as a
function of exposure rate for the chronic and seasonal
irradiation treatments, September 1970.
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from the average. For the summer exposed sector, the 650 R/hr

macroplot had a yield that was significantly larger than the "no

effects" average yield.  For the late fall exposed sector, all

macroplots that had an exposure rate of 45 R/hr or more produced

a yield that was significantly lower than the "no effects" average.

The grass-sedge component of the yield displayed zonation

similar to the coefficient of community and diversity index data.

The "effects" zone data were subjected to analysis by fitting it to

the same linear regression model (Tables 8a and b and Fig. 20).  The

50 per cent value (YLD50) for the chronically irradiated sectors was

7 R/hr.  The data from the seasonally exposed sectors indicated that

the grass-sedge component of the plant community was most sensitive

to radiation in late fall, least sensitive in summer and intermediate

in spring.

The September 1969 visual yield estimates of the grass-sedge

component of the vegetation (Tables 9a and b and Fig. 21) indicated

a YLD 50 of 16 R/hr for the chronically exposed sectors and 67 R/hr

for the spring exposed sector.  By September 1970, the visual yield

0. estimate YLD50 had decreased to 9 R/hr for the chronically exposed

sectors (Tables 1Oa and b and Fig. 22).  The spring exposed sector

YLD50 was essentially unchanged.  The YLD50 for the summer exposed

sector (113 R/hr) indicated the grass-sedge component of the short-

grass vegetation was more resistant to radiation during summer.  It

was most sensitive in late fall with a YLD50 of 27 R/hr.

0
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Table 8a.  September 1970 yield (g/m2 - dry weight) for the grass-

sedge component of the vegetation following chronic and seasonally

<            administered
irradiation. Chronic irradiation initiated 4-69.

exposure
rate exposure period

(R/hr) chronic spring(4-69) summer(7-69) late fall(12-69)

315                         0              0

185 .89             21                  0

68                         34            26                 1.6

45                         48            59                 5.6

28          0             46           ***                  30

18         17             51           ***                  460
12         12 *** ***                 71

7.2         30 *** *** ***

4.8         29 *** *** ***

3.4         41 *** *** ***

2.2         43 *** *** ***

1.3         48 *** *** ***

"no effects"
mean       52             56            58                  60

***These data were in the "no effects" zone and therefore riot included

0 in the table.

Table Bb.  Parameters for model y = bo + bl log x using data
from Table 8a.

exposure standard error
period bo bl bo bl R LLSYLD505UL*2

chronic 55 -35      4      4 .93 55758

spring 117 -48     12      6 .92 57572591

summer 146 -57     35     17 .80 79 5113 5163

late fall 141 -74     20     13 .90 24 S 31 540

<                *Lower limit (LL) and upper limit (UL) represent f 2 standard
errors.
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Fig. 20.  September 1970 yield (g/m2 - dry weight) for the

grass-sedge component of the vegetation following chronic
and seasonally administered irradiation. Chronic irradiation
initiated 4-69. Spring, summer and late fall irradiation
administered April, July and December, respectively, in 1969.
Tick marks at the top of each curve indicates the "no effects"
mean.

0

0



0                   0                   0                   0

-                      8

60- 1 A
11 1   0

/. .;  I.
*A        ,                                  0-           V

0                         .   O\A& ,
I. .

.

40       • .
# ..

\S.i
/  ./ A
..  0    .S

,
i

0  .        5, 0                                                                                              L..
4

A\  ...:  I. 1
...20. chronic   0-·---0                          :            ',    '·, A

.

N             \  .  ..
f                               s p r i n g           0- - - -0                               .                                 \                            0#s          ,M                 . i
..... _ summer 6-·-·-4 I

..0                      ..     \ I
- late fall 6-··-·.4 8 1 . \

0                                                                 .              1.  ./0     1 - .n·. , 1 A    -h.  0. ..a •
..

'                                                            10                          100
Exposure rate (R/hr)



78

Table 9a. Septamber  969 visual

                              of the grass-sedge component of the
yield estimates (g/m  - dry weight)

vegetation following chronic and
spring administered irradiation.
Chronic irradiation initiated 4-69.

exposure
rate exposure period
(R/hr) chronic spring(4-69)

185                      0

115 6.2

68           0         13

45          .29        37

0                                                                         28 6.8 ***

18           24        ***

12           27        ***

7.2           31        ***

"no effects"
mean         42        42

***These data were in the "no effects"
zone and therefore not included in the
table.

Table 9b.  Parameters for model y = bo + bi log xn using data from Table 9a.
\-/

exposure standard error
treatment     bo         bl          bo         bl R2 LL<YLD50 SUL*

chronic    65    -37      8      6 .92 12 516 520

spring 124 -56     31     16 .86 49567592

*Lower limit (LL) and upper limit (UL) represent i 2 standarderrors.

n
\-'7
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Fig. 21.  September 1969 visual yield estimates (g/m2 - dry
weight) of the grass-sedge component of the vegetation
following chronic and spring administered irradiation.  Chronic
irradiation initiated 4-69. Tick marks at the top of each
curve indicates the "no effects" mean.
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Table 108.  September 1970 visual yield estimates (g/m2 - dry weight)
of the grass-sedge component of the vegetation following chronic and
seasonally administered irradiation.  Chronic irradiation initiated
4-69.

exposure
rate exposure period
(R/hr) chronic spring(4-69 summer(7-69) late fall(12-69)

315                        0               0

185 1.4             18                  0

115 9.6             39                2.6

68           0           24             30                 6.7

45          .96          50             50                 7.5

C              28          1.8          62            ***                 26

18 4.5 *** ***                 35

12           10 *** ***                 57

7.2           32 *** *** ***

4.8           35 *** *** ***

3.4           63 *** *** ***

"no effects"
mean 57          67             56                  59

***These data were in the "no effects" zone and therefore not included
in the table.

d-h
\--7 Table 1Ob.  Parameters for model y = bo + bl log x using

data from Table 1Oa.

exposore standard error
period          bo          bl            bo          bl            R2 LL SYLD50 SUL*

chronic    70    -44      11      9 .81 6 59 513

spring 149 -63      20     10 .91 51566 586

summer 136 -53      28     14 .84 8251135157

late fall   94    -45      14      8 .86 19527 538

*Lower limit (LL) and upper limit (UL) represent f 2 standard

0 errors.
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Fig. 22.  September 1970 visual yield estimates (g/m2 - dry

weight) of the grass-sedge component of the vegetation
following chronic and seasonally administered irradiation.
Chronic irradiation initiated 4-69.  Tick marks at the top

"of each curve indicates the "no effects mean.
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Phenology

<                   The phenological index, reported only for 4 species in the

chronically exposed sectors, indicated the general sensitivity of

the species.  For Bouteloua gracilis (Bogr), 100 R/hr or more

resulted in death through the summer of 1969 although it took

approximately 5 months to kill the plants (Figs. 23 and 24).  Thirty

R/hr delayed the development of the plants with only some reaching

anthesis during 1969.  During the summer of 1970 more of the plants

exposed to 30 R/hr reached anthesis.  There was only a slight differ-

ence in the development of the control plants and those exposed to0
10 R/hr and this difference was present during 1969 and 1970.

For Opuntia polyacantha (Oppo), 100 R/hr and 30 R/hr resulted

in total lethality by the end of 5 months of exposure (Fig. 23 and

24).  Plants exposed to 10 R/hr remained in the vegetative state

during 1969 and during 1970 most, but not all, of 2. polyacantha

individuals died.  At 3 R/hr, most of the plants remained'vegetative

throughout 1969 and 1970 with a few developing.flower buds, none of

which were observed to open.  At 1 R/hr, flower development was delayed

             but otherwise normal during 1969 and 1970.

All plants of Gutierrezia sarothrae (Gusa) exposed to 30 R/hr

died within 2 months after exposure started in 1969 (Figs. 23 and 24).

At 10 R/hr, individuals lived through 1969 with most plants developing

flower buds.  In 1970 some plants exposed to 10 R/hr died and some

remained vegetative.  At 3 R/hr the plants developed the same as plants

in the control sector.

Tradescantia occidentalis fTroc) plants exposed to 100 R/hr or

<              30 R/hr were killed during 1969 (Figs. 23 and 24).  The development of
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Fig. 23.  1969 Phenological index as a function of time for
selected species and selected chronic exposure rates.  Irrad-
iation initiated 4-69.  Index is: 0, dormant or dead; 1, vege-
tative; 2, flower bud (head emergence for Bogr); 3, flower
(anthesis for Bogr); and 4, seed.
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Fig. 24.  1970 Phenological index as a function of time for

selected species and selected chronic exposure rates.  Irrad-
iation initiated 4-69. Index is: 0, dormant or dead; 1, vege-
tative; 2, flower bud (head emergence for Bogr); 3, flower
(anthesis for Bogr), and 4, seed.
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plarita exposed to 10 R/hr was esaantially the same during 1969 and

1970 with plants reaching the flower bud stage but not flowering.

At exposure rates of 3 R/hr some plants flowered but no seeds

developed.  At 1 R/hr all the plants flowered but no seeds developed

in either 1969 or 1970:  At lower exposure rates, development was

the same as plants in the control sector.

Density

The density data gave some indication of the sensitivity of

            the individual species in addition to the community characteristics

already presented.  These data, which are presented for 4 species,

varied with season but were not normalized for seasonal fluctuations.

Since the data are reported as per cent of the pre-irradiation values,

many values are greater than 100 but this should not be interpreted

as a stimulatory effect.

For Bouteloua gracilis, cover generally decreased with time in

the chronically exposed sectors.  The exposure rate that resulted

0 in a cover of 50 per cent of the "no effects" mean (LD50) decreased

with time except for the September 1969 sampling date (see Discussion,

Chapter 4 for comments on this data) and by September 1970 the LD50

was 5 R/hr (Tables 1la and b).

For the seasonally exposed sectors the LD50 dropped and then

fluctuated with sampling date and tended to increase with time except

for the late fall exposure (Tables 12a and b, 13a and b, and 14a and

b).  For the late fall exposed sector, no effect was detected by April

1970.  However, the LD50 decreased throughout the 1970 growing season.

0



90

Table 1la.  Cover of Bouteloua gracills, as per cent
of pre-irradiation cover, as a function of exposure

<                 rate for selected sampling dates for chronic irrad-iation treatment. Irradiation initiated 4-69. Pre-
irradiation cover measured 1 April 1969.

exposure
rate sampling date

(R/hr) 6-69 9-69 4-70 6-70 9-70

650            0

315           .5

185 4.4

115 7.0

0                                                   68                         5.5                                0

45           16       0      .9

28           32 2.4 5.8      0       0

18           44      15      16      12      18

12           ***     18      27 8.4 1.8

7.2 ***     24      91      60      38

4.8 ***     30 *** ***     49

3.4 ***     45 *** *** ***

2.2 ***     78 *** *** ***

„no effects"/&-I'

mean             50 98 112     76      87
***These data were in the "no effects" zone and therefore
not included in the table.

0
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Table 1lb.  Parameters for model y = bo + bl log x using
data from Table 1la.

  sampling standard error
date bo bl bo bl R2 LLSLD50 SUL*

6-69      66    -27      12      6 .77 22535562

9-69      77    -51       9      9 .85 25355

4-70 133 -81      35     25 .72 559 516

6-70 128 -93      45     38 .75 659514

9-70      87    -62      22     20 · .76 35559

*Lower limit (LL) and upper limit (UL) represent t 2 standard
errors.

0

0
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Table 12a. Cover of Bouteloua gracilis, as per cent

of pre-irradiation cover, as a function of exposure

                   rate for selected sampling dates for spring irrad-iation (4-69) treatment. Pre-irradiation cover

measured 1 April 1969.

exposure
rate sampling date

(R/hr) 6-69 9-69 4-70 6-70 9-70

650            0

215 3.4

185 6.2      0       0       0       0

115 6.5 3.2     15      22      38

68           7.4     20      29      43      43

45           59      94      52      71     129

28 *** ***     73      78      ***

18 *** ***     98      88      ***

"no effects"
mean          58      93     124      85      90

***These data were in the "no effects" zone and there-
fore not included in the table.

Table 12b.  Parameters for model y = bo + bl log x using data
from Table 12a.

sampling standard error

date bo bl bo bl R2 LLSLD5OSUL*0
6-69      93    -36      41     19 .49 26 559 5131

9-69 305 -141 118     60 .74 44 568 5104

4-70 214 -97      12 6.5 .98 33537542

6-70 208 -90      15 8.4 .97 60569580

9-70 415 -186 117     59 .83 72 5100 5136

*Lower limit (LL) and upper limit (UL) represent f 2 standard
errors.

0
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Table 13a.  Cover of Bouteloua gracilis, as

per cent of pre-irradiation cover, as a

                          functi
on of exposure rate for selectedsampling dates for summer irradiation (7-69)

treatment. Pre-irradiation cover measured

1 July 1969.

exposure sampling daterate
(R/hr) 9-69 4-70 6-70 9-70

650           0

315 9.1             0      0

185          53              53      53

115          45              52     100

68         121       0 136 179

45         ***      19 108 154

28 *** 147 *** ***

18 *** 169 *** ***

12 *** 168 *** ***

7.2 *** 121 *** ***

"no effects"
mean 212 275 192 190

***These data were in the "no effects zone and
therefore not included in the table.

                                      Table 13b. Parameters  f or model  y  =  bo  +  bl  log x using  data

from Table 13a.

sampling standard error

date bo bl bo bl RZ LL SLD50 SUL*
9-69 307    -114     71     31 .82 335585112

4-70 424 -225     60     43 .87 14 S 19 S 25

6-70 365 -143     81     39 .82 525765112

9-70 524 -207     80     38 .91 9251185151

*Lower limit (LL) and upper limit (UL) represent t 2 standard
errors.

0
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Table 14a. Cover of Bouteloua
gracilis, as per cent of pre-

<3 exposure rate for selected sampling
irradiation cover, as a function of

dates for late fall irradiation (12-69)
treatment. Pre-irradiation cover
measured 30 September 1969.

exposure
rate sampling date

(R/hr) 4-70 6-70 9-70

650 139       0

315 156 8.8

185 233 5.6

115 180 100

*    68 158 15 0
45          150       29     10

28 161 143     64

18 260 220 207

"no effects"
mean 148       96     96

Table 14b.  Parameters for model y = bo + bl log x using data
from Table 14a.

sampling standard error

f   date bo bl bo bl R LLSLD5OSUL*2

4-70 no regression **

6-70 296 -117     81     40 .59 72 5134 5248

9-70 612 -350 167 107 .84 30541 555

*Lower limit (LL) and upper limit (UL) represent t 2 standard
errors.

**Slope of data for 4-70 sampling date not significantly
different from zero.

0
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There was a rapid decrease in the LD50 values of Opuntia

polyacantha in the chronically exposed sectors during 1969 (Tables 15a

and b).  During 1970, this decrease was slower but continued.  For

the September 1970 sampling data, no regression analysis of the data

was possible since the data were collected only from sector 2 for

this date and the 4.8 and 1.3 R/hr exposure rate macroplots did not

have 0. polyacantha prior to initiation of irradiation.  The slope of

the line for the data presented was not significantly different from

zero.

For the spring exposed sector, the LD50 dropped through 1969 and0
reached a low value of 14 R/hr for the June 1970 sampling date and

then increased for the September 1970 sampling date (Tables 16a and b).

For the summer exposed sector, the LD50 continued to decrease through

all sampling dates (Tables 17a and b) and reached a low of 29 R/hr at

the September 1970 sampling date. For the late fall exposed sector, no

9. polyacantha occurred in macroplots receiving more than 185 R/hr

(macroplots 1 and 2) and then none existed in macroplots 4, 5&6 (115,

68 and 45 R/hr) so that it was not possible to apply regression analy-

                  sis to the data (Table 18) . The plants which received 185 R/hr were

still apparently alive by September 1970.

The density data for Eriogonum effusum were also tabulated. In

the chronically exposed sectors this species had an LD100 of approx-

imately 18 R/hr (Table 19).  In the spring, summer and late fall ex-

posed sectors the LD100 was approximately 185, 315 and 68 R/hr,

respectively (Table 20).  For both Tradescantia and Eriogonum the

results indicated the greatest sensitivity during December, the least

<              sensitivity during July and intermediate sensitivity during April.
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Table 15a.  Opuntia polyacantha density, expressed as

a per cent of pre-irradiation values, as a function

of exposure rate for selected sampling dates for chronic

(L-,9 irradiation treatment. Irradiation initiated 4-69.
Pre-irradiation density measured 1 April 1969.

exposure sampling date
rate

(R/hr) 6-69 9-69 4-70 6-70 9-70

185            0

115           70

68          175

45          ***

28          ***       00
18          ***      12

12          ***       0       0       0

7.2 *** 100      86      50       0

4.8 *** ***     27      11      **

2.2 *** ***     94 139 208

1.3 *** *** *** 160 **

.72 *** *** *** ***       87

.41 *** *** *** *** 208

0                  "no effects"
mean          82       88     98 162 110

**9-70 data from sector 2 only - no 2. Polyacantha
in these plots prior to irradiation.
***These data were in the "no effects" zone and
therefore not included in the table.
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Table 15b.  Parameters for model y = b  + bl log x using data
from Table 15a.

  sampling standard error

date bo bl bo bl R2 LLSLD5OSUL*
6-69 910 -404     72      35 .99 13251435155

9-69 206 -153     97      82 .64 7.2511518

4-70 124 -99      60      76 .46 3 56 Sll

6-70 179 -174     30      43 .85 35455

9-70 no regression**

*Lower limit (LL) and upper limit (UL) represent f 2 standard
errors.

<            different from zero.
**Slope of'data for 9-70 sampling date not significantly

n
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Table 16a.  Opuntia polyacantha density for spring
irradiation (4-69) treatment, expressed as a per cent

                    of pre-irradiation values, as a function of exposurerate for selected sampling dates.  Pre-irradiation
density measured 1 April 1969.

exposure
rate sampling date

(R/hr) 6-69 9-69 4-70 6-70 9-70

315            0

185 54       0       0

115           92 4.2 2.0

68          ***       0      4.8      0       0

45          ***      49      28      42      21

28 - 100 100 100       0

7.2 *** *** *** 109 109

"no effects"
mean          74     120       94    188      80

***These data were in the "no effects" zone and there-
fore not included in the table.

Table 16b.  Parameters for model y = bo + bl log x using data
from Table 16a.

sampling standard error

date bo bl bo bl R LLSLDSOSUL*2

6-69 528 -211     33     14 .99 202521452270
9-69 248 -118     73     39 .75 25 540565

4-70 229 -109     78     42 .69 29546575

6-70 212 -103     66     44 .73 6 514 530

9-70 194 -111     54     36 .83 14 524 540

*Lower limit (LL) and upper limit (UL) represent i 2 standard
errors.

0
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Table 17a.  Opuntia polyacantha density for
summer irradiation (7-69) treatment expressed

                        as a per cent of pre-irradiation values, as afunction of exposure rate for selected sampling
dates.  Pre-irradiation density measured 1 July
1969.

exposure
rate sampling dates

(R/hr) 9-69 4-70 6-70 9-70

185            0

115           25       0       0       0

68           54      37      15     3.0

45          ***      43      32      32

/)                          28          ***      62      80      44CY
18          ***      55     105      60

12          ***      69      81      58

7.2 ***      92 *** ***

"no effects"
mean         69      72 115 79

***These data were in the "no effects" zone
and therefore not included in the table.

Table 17b.  Parameters for model y = bo + bl log x using data
· from  Table  17a.

<    date bo bl bo bl R2 LLSLD5O SUL*sampling standard error

9-69 282 -124     4      2 .99 96597598

4-70 145 -64     15     10 .90 36 549 566

6-70 217 -106    36     22 .85 24532543

9-70 140 -69     16     10 .92 23529536

*Lower limit (LL) and upper limit (UL) represent f 2 standard
errors

0

-Will:/-:.1&-
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Table 18. Density of Opuntia

polyacantha for late fall irrad-

iation (12-69) treatment, expressed

as per cent of pre-irradiation

density, as a function of exposure
rate for selected sampling dates.

Pre-irradiation density measured 30

September 1969.

\                             exposure
rate sampling date

(R/hr) 4-70 6-70 9-70

185* 100 92      72

28         89      71      54

18         80      96      76

12         85 120 80

7.2         58      58      58

4.8          16      50      16

3.4 138 162 138

2.2         74 139 104

1.3 125 158 100

mean 109 173 123

*No 0. polyacantha occurred in plots
with an exposure rate greater than
185 R/hr nor in plots with exposure

                             rates between 28 and 185 R/hr.

No regression analyses were possible
with these data.

0



101

Table 19.  Density (plants/m2) of Eriogonum

effusum for chronic irradiation treatment

(sectors two and three) as a function of

exposure rate for June 1969 and 1970
sampling dates. Irradiation initiated 4-69.

exposure
sector two sector threerate

(R/hr) 6-69 6-70 6-69 6-70

315         0       0       0*      0*

185         0*      0*      0*      0*

115         0*      0*      0*      0*

68 0* 0*      0*      0*

45         0*      0*      0*      0*

0 28         0*      0* 0* 0*

18         0*      0*     1.3      0*

12 1.3 1.3 4.0 1.3

7.2 4.0 4.0 2.7 2.7

4.8 4.0 4.0      0       0

*These plots had 1 plant/mz or more prior to
irradiation; other zero density plots had no
E. effusum prior to irradiation.

0

0
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Table 20.  Density (plants/m2) of Eriogonum effusum for
seasonal irradiation treatments as a function of exposure

0 rate for .Tune 1969 and 1970 sampling dates except for
late fall exposed sector which was first sampled 9-69.

exposure season of exposure              -
rate spring(4-69) summer(7-69) late fall(12-69)

(R/hr) 6-69 6-70 6-69 6-70 9-69 6-70

650        0       0 8.0 0*      0       0

315        0       0 2.7 0* 1.3 0*

185        0*      0* 2.7 1.3      0       0

115        0       0      2.7      0*      0       0

68        0* 5.3 1.3 1.3 4.0 0*

101                           45 1.3 1.3 4.0 5.3 4.0 2.74-/
28             0           0            0            0            0            0

18 2.7 2.7 4.0 4.0 6.7 6.7

12 1.3 1.3 4.0 4.0 2.7 1.3

*These plots had one plant/mz or more prior to irradiation;
other zero density plots had no K. effusum prior to
irradiation.

0

0
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The results of the density measurements .of Tradescantia

0 occidentalis could not be subjected to ·regression analysis because

of the low density of the plants.  The results in the chronically

exposed sectors (Table 21) indicated an LD100 (total lethality) of

approximately 28 R/hr for sector 2 and greater than 12 R/hr for

sector 3.  The LD100 was approximately 45, 115 and 18 R/hr in the

spring, summer and late fall exposed sectors, respectively (Table 22).

0

0

0
.
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Table 21.  Density (plants/m2) of Tradescantia
occidentalis for chronic irradiation treatment

<                          (sectors two and three) as a function of exposure rate for June 1969 and 1970 sampling dates.
Irradiation initiated 4-69.

exposure
rate sector two sector three

(R/hr) 6-69 6-70 6-69 6-70

650           0*      0*      0       0

185 0*      0*      0       0

68           0*      0*      0       0

45 1.3 0*     0      0

28          4.0      0*      0       0

0 18 4.0 1.3      0       0

12          2.7      0* 1.3 1.3

7.2 5.3 2.7 9.3 8.0

4.8           0       0      16      1.3

3.4           0       0      16      6.7

2.2           0       0 6.7 8.0

1.3 1.3 1.3 1.3 1.3

.72         12      13 4.0 2.7

.4 1                     17              20              5.3 5.3                                               ,

*These plots had 1 plant/m2 or more prior to

irradiation; other zero density plots had
no I. occidentalis prior to irradiation.

0
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Table 22.  Density (plants/m2) of Tradescantia occidentalis
for seasonal irradiation treatment as a function of exposure

<                rate for June 1969 and 1970 sampling dates except for thelate fall exposed sector which was first sampled 4-70.

exposure season of exposure
rate spring(4-69) summer(7-69) late fall(12-69)

(R/hr) 6-69 6-70 6-69 6-70 4-70 6-70

315            0       0 5.3 0* 4.0 0*

185            0       0 2.7 0* 4.0      0*

115            0       0 4.0 0* 2.7      0*

68            0       0 9.3 1.3 1.3 0*

45           1.3      0*     13 0* 1.3      0*

28                           0 0 2.7 4.0 2.7      0*

18 1.3 1.3 2.7 4.0 8.0 0*

12 5.3 4.0      0       0       0       0

7.2 1.3 0*      0      1.3      0       0

4.8 2.7 2.7      0 1.3 9.3 8.0

3.4           20 1.3 1.3 1.3 1.3

2.2 4.0 4.0 2.7 2.7     11      9.3

1.3 8.0 6.7 5.3 5.3 2.7 2.7

f-h ·72 5.3 1.3 5.3 6.7     15      13
/-7

*These plots had 1 plant/m2 or more prior· to. irradiation;
other zero density plots had no I. occidentalis prior to
irradiation.

0



Chapter 4

DISCUSSION

The net effect measured at any one time as a result of

exposure to radiation is a combination of the effect of the radiation

plus recovery and the two can never be completely separated in a field

study.  However, it seemed prudent to present the two separately in the

discussion.

Effects

Zonation

The zonation described earlier was apparent in all parameters0 measured.  The 3 zones reported are somewhat different than the 5

zones reported by Woodwell and Rebuck (1967).  They reported the

formation of 5 zones with the 3 middle zones being specific for the

particular plant stand in question.  The first and fifth zones (lethal

and no effects) were the same as the first and third zones reported

here.  These zones are of interest primarily to set the boundaries of

the center or "effects" zone. It is the "effects" zone that is of

primary interest. Although  a  maj or portion  of the "effects"   zone

  decreased linearly with increasing logarithm of the exposure rates

(indicating a dx/x response) there was a tapering effect at each end

of the "effects" zone.  At the higher exposure rate end this seemed

to be due to the "hanging on" of a few apparently more radioresistant

plants, sometimes including more than one species.  At the lower

exposure rate end, the reason for the tapering off was less apparent.

It may have been due to meristematic damage followed by complete or

partial repair or the initiation of new meristems that allowed most

individuals to survive and/or production to remain nearly normal0
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(Iqbal, 1970).  A tapering effect was shown in diagrams reported by

Woodwell and Sparrow (1963) although no specific attempt was made to

fit a line to the data.

Coefficient of community

The coefficient of community comparing pre-irradiated to post-

irradiated or control to irradiated communities has been used by

several authors (Miller, 1968; Woodwell and Rebuck, 1967; Monk,

1966; and Woodwell and Oosting, 1965).  In these cases, the co-

efficient of community was calculated from the relationship

CC = C/(A+B-C)

where A was the number of species in the control plot, B was the

number of species in the treated plot and C was the number of species

shared by the two plots.  This relationship has two drawbacks, how-

ever.

Firstly, the rate of change of CC is inversely related to CC i.e.,

dCC/dC = (A+B)/(A+B-C)
2

which means that the slope of the CC versus C curve varies as C

varies for a given A and B.  Secondly, when A equals B and C equals

A/2 (half of the species are shared), the CC is not 0.5 but 0.333.

Greig-Smith (1964) suggests that

CC = 2C/(A+B)

is a more desirable relationship. In this case,

dCC/dC = 2/(A+B)

which is constant as C changes for given values of A and B.  When A

equals B and C equals A/2, CC equals 0.5.  The latter relationship

was used in this study.0
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Chronic irradiation - The decrease in the CC50 value, calculated from

           either the linear regression or arctan model, was approximately what
would be·expected (Tables 2 and 3).  The threshold appeared to be

approximately 5 R/hr (120 R/da) for CC effects after 15 months of

irradiation.  This was considerably greater than 50 R/20 hr da re-

ported by Woodwell and Oosting (1965) for an old field community or

the approximate value of 20 R/20 hr da reported by Woodwell and

Rebuck (1967) for an oak-pine forest.  The increase from the

September 1969 to April 1970 sampling dates of 24 to 31 R/hr was

            probably not significant and due to sampling variability since there

were differences in species present, both annuals and perennials, in

the fall and spring with fewer species present in the spring.  The

dx/x response of coefficient of community to radiation has been re-

ported by Miller (1968), Woodwell and Rebuck (1967) and Woodwell and

Oosting (1965).

The very low but non-zero coefficient of community values in the

68 and 45 R/hr exposure rate macroplots were due to persistant plants

of Gaura coccinea.  These plants made little growth but remained alive

<            through 1970 (they were still present in July 1971).  It was not deter-

mined whether the plants were separate individuals or interconnected

underground by rhizomes or rootstocks.  It was possible that these

plants were connected to roots of plants outside the exposed macro-

plots.  There were also some individuals of Carex heliophila in these

macroplots.  All other species were eliminated.

The data presented do not indicate that the CC50 had stabilized

as of June 1970 and it is expected to decrease in the future.

0



109

Seasonal irradiation - The spring exposed sector appeared to be inter-

mediate in sensitivity as determined by the CC50 whether calculated

from the linear or the arctan model.  The value of 206 R/hr was not

significantly different (i.e. it is within f 2 s.e.) from the value

of 195 R/hr (Tables 3 and 4b).

The summer exposed sector appeared to be the most resistant to

radiation of the three seasonal exposures with a CC50 of 240 R/hr.

The late fall exposed sector was the most sensitive to radiation

with a CC50 of 120 R/hr with both the linear and arctan models.

This exposure was during the dormant season when one would expect0
very little meristematic activity. In this situation, the cells

present would receive the total insult of radiation and therefore

might sustain more damage to DNA and other nuclear components of the

cell, thereby giving maximum damage to the cell and therefore, the

plant (Woodwell and Sparrow, 1963).  Furthermore, sub-cellular recovery

processes may be reduced under the conditions of cellular dormancy,

cold temperatures and low moisture content of the plant tissues.

There was no indication that the air temperature was unusual at the

            time of irradiation of the late fall exposed sector but the total

precipitation for December 1969, January and February 1970 was 0.4 cm

which was somewhat less than the 1939 through 1953 average of 1.6 cm

(Kipple and Costello, 1960).  This may have resulted in many species

being more sensitive than they would be under conditions of increased

moisture.

For the spring exposed sector, the plants were in a rapid growth

phase and meristematic activity was high.  Although each cell may have

<             been more sensitive, it was exposed to the radiation only a few hours
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until division, if possible, would take place.  This seems to have

0 increased the resistance of these plants.

During the summer exposed sector, the plants were in various

stages of growth. Bouteloua gracilis was just starting the anthesis

stage, Tradescantia occidentalis was nearing the end of its growth

cycle and other species such as Gutierrezia sarothrae, were just

initiating floral buds. Many species are apparently semi-dormant

during the summer season, depending on the moisture supply, and this

may partially account for the increased resistance to radiation at

this time of year.

The above results appear somewhat in conflict with those pre-

dicted for trees by Taylor (1966) based on seasonal changes in chrome-

some volume and those reported by Miller (1968) who found an old field

to be more sensitive during the spring.

Diversity Index

Diversity was defined by Patten (1962) as "...how individuals

are distributed among the species. He developed an index of diversity
1,

            using the Boltzmann equation from statistical mechanics which gives

the entropy of an aggregation as:

H = k log P.
m

The total number of individuals (N) was

 ni where
ni

equaled the

number of individuals of type i and m was the number of species.  The
m

probability of sampling the ith type (Pi) was ni/N where   pi - 1
Using the above relationship and Stirling's equation for approximation

of the F function, Patten derived the following as a measure of the

0
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average entropy per individual (H) :

m
H = -k  pilog2Pi'

1=1

The properties of this equation were such as to give maximum diversity

when m equaled N, that is, when each individual belonged to a

different species.  Minimum diversity (zero) resulted when all individ-

uals belonged to the same species.

I modified the equation by defining Pi as the frequency of

occurrence (fi) in per cent divided by 100, i.e.,

Pi = fi/100.

This changed the validity of the equation in that it no longer was a

true measure of entropy i.e.,

m

 1'i = 1
no longer holds, but it still maintained the desirable properties

mentioned above.  The final form of the equation for the diversity

index (D) was

1                                       D = -k ,   pilog2Pi·
The greatest rate of change of D (i.e. dD/dp was when p equaled zero.

Therefore, when a new species appeared in the sample, even with a very

small value for p, it made a significant contribution to the total

diversity.  For the largest values of p, i.e., p equals 1, the amount

added to the diversity by that species is zero.  The slope of the

equation reaches zero at p equals 1/e equals 0.37 which is the maximum

addition to the diversity that a species can contribute.  Species with

a value of Pi of .1 to .75 would contribute .2 or more to the diversity.0
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After all species contributions were summed, then the sum was multi-

<              plied by
the constant k where Ikl was 1.433 which is the ratio between

base 2 and base e logarithms.  In actual practice, this constant is

not necessary since it only amplifies D and would not change the

analysis in any way.

Chronic irradiation - The effect of the chronic radiation, as measured

by diversity, followed the same general pattern as that measured by the

coefficient of community.  The ratio of CC50/DI50 was approximately 1.6

0 for values calculated, including the linear and arctan models.  This is

reasonable since to affect the coefficient of community, all individ-

uals of a species must be eliminated from the plot whereas to affect

the diversity index,   only the frequency  need be changed.

There was a continual decrease in the DI 50 thru time with the

exception of the September 1970 sampling date when there was a small

but not significant increase for the linear model.  There was no

indication that stabilization, as measured by diversity, had taken

place since the DI50 calculated from the arctan model continued to

             decrease through September 1970 and was approximately 8 R/hr at that

sampling date (Table 6).

There appeared to be a threshold of approximately 2 R/hr

(48R/da) as of September 1970, 18 months after initiation of irradi-

ation, to affect the diversity index, which is similar to the value

reported by Woodwell and Oosting (1965) for an old field community.

Seasonal irradiation - The seasonal results indicated that the vege-

0 tation, as measured by diversity index, was most sensitive to
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irradiation in late fall, least sensitive in summer and intermediate

-)         during the spring.

There was a great deal of variation in the "no effects" average

of the diversity index from season toseason and from year to year.  At

the April sampling date, only those perennials which started early

growth could be counted. (To be counted, a plant had to appear green

and exhibit some evidence of growth.)  By the June sampling date,

essentially all of the perennials were in some growth stage and could

be counted.  By the September sampling date, some of the perennials

had completed their normal growth cycle and could not be counted.0
Also, many annuals were present only for the June sampling date.

The seasonal and annual variations present in Figure 13 were elimin-

ated by multiplying the data by the ratio A/B where A was the June

1970 control sector average and B was the "no effects" average for

the sector in question.  The CC50 and DI50 values and the fitted

parameters· of the arctan function  were not altered  by this adjustment.

Yield

<                   The decrease in yield in the chronically exposed sector at

exposure rates of 2.2 to 4.8 R/hr was evidently due to decreased

growth and development of the plants in those macroplots since no

effect on coeff icient of community or diversity index was apparent.

At exposure rates of 4.8 R/hr or greater, both the coefficient of

community and the diversity index were affected (Fig. 19).  In macro-

plots with exposure rates of 28 to 68 R/hr only scattered individuals,

which made very little growth, occurred.  At exposure rates greater

<             than 68 R/hr no plants survived.  Most of the yield from the plots in
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in the higher exposure rate end of the "effects" part of the curve

0 came from the grass-sedge component of the plant community except

for .the yield in the 28 R/hr exposure rate macroplot which was due to

Gaura coccinea.

The grass-sedge component of the yield, whether measured by visual

estimates or by clipping gave a YLD50 of approximately 9 R/hr by

September 1970 for the chronic irradiation.

Phenology and density

A few specific species were chosen for sensitivity study because

<           of their abundance and/or growth habit.  Bouteloua gracilis was the

dominant species in the area before irradiation.  The meristematic

region is at the soil surface and some shielding by the soil may have

affected the results.  Opuntia polyacantha was the third most abundant

species and had meristems above ground.  The meristem was not always

well defined. Gutierrezia sarothrae was a small shrub with meristems

exposed all growing seasons.  Fre4uency was quite low for f. sarothrae.

Eriogonum effusum was similar in growth habit to 2. sarothrae and was

          considerably
more abundant. Tradescantia occidentalis was moderately

abundant.  It had a meristem that was apparently shielded by the soil

most of the year but was exposed during the reproductive period of

growth.

The phenological index indicated that, for the chronic exposure,

Bouteloua gracilis was the least sensitive of the four species for

which the phenological data were presented. Gutierrezia sarothrae

was more sensitive  than f. gracilis. Opuntia polyacantha appeared  to

<            be the most sensitive but only slightly more than Tradescantia
occidentalis.
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Bouteloua gracilis - Except for the data from the September 1969

<                        sampling date,  the
LD50 declined with  time  in the chronic sectors.    A

careful analysis of the raw data indicated that the plant crowns

appeared dead in some macroplots in late September 1969 in the chronic

dectors that were actually alive and produced some growth the next

year.  Also, there was a heavy snow and cold temperatures in late

September.  The data were taken after the cold and snow and this may

have affected the appearance of the plant crowns.  Therefore, the 3

R/hr LD50 calculated for September 1969 should not be considered a

<            reliable value.  Based on the 1970 data, it would appear that the
LD50 reached a value of 5 to 9 R/hr during the second growing season

for B. gracilis.  The phenological index indicated that those ·plants

which did survive experienced very little delay' in development.    Most

of the growth and development took place around the edge of the crown,

with most of the center of the crown killed at exposure rates in the

LD50 range.

For the spring exposed sector it appeared that the LD50 was in

the range of 40 to 70 R/hr.  By comparing the cover data with time,

<            it appears that growth of the f. gracilis crowns was taking place in

plots that had been exposed to 115 R/hr or less.  The LD100 appeared

to be between 115 and 185 R/hr.

For the summer exposed sector, there appeared to be one inconsis-

tent set of data; that from the April 1970 sampling date.  The apparent

reason was the appearance of the plant crown at that time.  For example,

in the 185, 115, and 68 R/hr exposure rate macroplots, the crowns all

appeared dead in April 1970 yet showed growth by June 1970.  The data

<              from this sampling date should not be considered valid and the LD50
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of 19 R/hr was not a true indication of the sensitivity of B. gracilis

                      exposed
to radiation  in  July,   1969. It would appear  that  the  LD50  was

approximately 60 to 80 R/hr.  The LD100 was between 185 and 315 R/hr.

These data made the summer exposure appear to be less sensitive than

the spring exposure.  At the beginning of the exposure period, the

5. gracilis in the July exposed sector had just started anthesis.

Since most of the spring growth had taken place, this may have allowed

the plants to recover from radiation damage better than in the April

exposure, where growth did not take place.

For the late fall exposed sector, the B. gracilis plants had0 completed their normal 1969 growth and were dormant at the time of

exposure.  By April 1970 there was no evidence of radiation damage.

The plant crowns appeared alive, even at the highest exposure rates.

During the 1970 growing season, damage began to be expressed.  By

the June 1970 sampling date many crowns appeared dead although some

still had green leaves showing.  Very little growth was made at the

higher exposure rates.  By September 1970 the plants at the higher

exposure rates showed more dead crowns.  Based on the difficulty of

           interpreting the data from the other exposures I do not believe that

a reliable estimate of the LD50 or LD100 can be made for the late fall

exposure until the 1971 data are available.  From the yield data it

would appear that the LD50 of 41 R/hr from the September 1970 data

would be a closer approximation to the sensitivity of f. gracilis in

December than the June 1970 LD50 of 134 R/hr.

The problems in analyzing the above data indicate some of the

sampling problems which arise when determining seasonal sensitivity

0. of plant species or communities.  The delay in expressing damage
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appeared to be different for different seasons of exposure and the

<             amount of damage that was experienced by plants appeared to be differ-

ent.  A very careful system of sampling through time must be employed

to determine the true sensitivity.

Opuntia polyacantha - When determining the sensitivities of species

that are somewhat less abundant than optimal, two problems are encount-

ered.  First, that particular species may not occur in every exposure

rate plot, leaving gaps in the data.  Also, in some exposure rate

<           plots only one or a very
few individuals exist and a small change in

the number of plants gives a large fractional change.  These problems

existed in the data for Opuntia polyacantha, as well as for other

species, and was accentuated by the necessarily small quadrat size

used in this study.

The LD50 for 0. polyacantha in the chronically exposed sectors

decreased steadily through all sampling dates to the September 1970

sampling date.  Due to the problems mentioned above, it was not

possible to run a regression on the data for that date.  The LD50

            dropped from 143 R/hr for the June 1969 sampling date to 4 R/hr for

the June 1970 sampling date.  The LD100, by mid-1970 was approximately

10 R/hr. Based on the data from the seasonal exposures, there was a

considerable delay in the expression of radiation damage and perhaps

a part of the lethality was due to secondary causes which occurred

because the radiation damaged the plants and they could not survive

other environmental stresses.

For the spring exposed sector, it appeared that the LD50 was 15

           to 40 R/hr and the LD100 between 45 and 68 R/hr.  For the summer.
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exposed sector, the LD50 was 30 to 50 R/hr and the LD100 between 68

<             and 115 R/hr which indicated that the 2. polyacantha was more resistant
in summer than in spring.  The plants in the summer exposed sector

were just starting to flower when exposure started.

The data from the late fall exposed sector were inconclusive.

Little or no damage was apparent by the September 1970 sampling date

and most of the plants at the 185 R/hr exposure rate were still

apparently alive by September 1970.  The plants did not form flower

or lobe buds during 1970 and did not appear healthy or vigorous by

September 1970.  A check was made in April of 1971 and the plants in0 the 185 R/hr exposure rate macroplot appeared dead so' apparently the

significant observation here was the delay in the expression of

radiation damage.

Eriogonum effusum - Since it was difficult to determine in April

whether or not specific plants of Eriogonum effusum were alive, only

data from the June sampling dates were used.  Also, the range between

complete lethality and no effect on density was so small that it was

0 not possible to apply a regression line to the data and only approx-

imations of LD100's were possible.  For the chronically exposed

sectors, the LD100 for 2. effusum was between 12 and 18 R/hr and was

approximately the same in 1969 and 1970.

For the spring exposed sector, the LD100 was between 68 and 185

R/hr.  There were g. effusum plants in the 185 and 68 R/hr exposure

rate macroplots prior to irradiation but none in the 115 R/hr exposure

rate macroplot.  Those in the 185 R/hr macroplot were killed and those

in the 68 R/hr macroplot appeared dead in June 1969 but had recovered

           and resumed·growth by September 1969 and were near normal by the June
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1970 sampling date.  The LD100 for the summer exposed sector was

between 185 and 315 R/hr.  There was some reduction in the density

of E. effusum exposed at 185 and 115 R/hr (one of two and two of two            r.
.7.

plants died respectively).  For the late fall exposed sector, the

LD100 appeared to be between 45 and 68 R/hr although some recovery

may take place that was not yet apparent in September 1970.

Tradescantia occidentalis - The LD100 of Tradescantia occidentalis

in the chronically exposed sectors decreased from between 45 to 68

R/hr in June 1969 to between 18 and 28 R/hr in June 1970 based on data

from sector 2.  NO I. occidentalis occurred close enough to the source

id sector 3 to determine the LD100 but it was greater than 12 R/hr.

For the seasonally exposed sectors, the LD100 was at least 45 R/hr

for the spring sector, 115 R/hr for the summer sector and 18 R/hr for

the late fall sector.

Based on LD50 and LD100 estimates from the density data, it

appeared that Opuntia polyacantha was the most sensitive species,

Eriogonum effusum slightly more resistant and Bouteloua gracilis and

Tradescantia occidentalis still more resistant with very little diff-

erence between the latter two species.  It also appeared that each

species was the most sensitive in late fall, less sensitive in spring

and most resistant in summer except perhaps for Opuntia polyacantha.

As indicated by the phenology data, it was expected that

Tradescantia occidentalis would have been much more sensitive than

either Bouteloua gracilis or Eriogonum effusum.  The true sensitivity

of Tradescantia occidentalis may have been masked by the growth habit

0
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of the plant which allowed the meristem to be shielded most of each

0                             year·

Recovery

There was no evidence of recovery in the chronically exposed

sectors by September 1970 (chronic irradiation still continuing as

of August 1971).  The two species present in the high exposure rate

macroplots (68 and.45 R/hr) were Gaura coccinea and Carex heliophila.

These species were present prior to initiation of irradiation.  They

remained alive but made little growth during 1970.0
Recovery, when used in the sense of revegetation, was very rapid

in the seasonally irradiated sectors except for the late fall exposed

sector (it is not to be implied that the recovery resulted in the same

vegetation that existed prior to irradiation).  The recovery seemed to

result from two separate, simultaneous phenomena.  One was the re-

growth of perennials with underground perennating organs which were

apparently not killed (or were attached to plants outside of the

exposure area).  In the high exposure macroplots near the source

(i.e. 100 R/hr to 650 R/hr) these species consisted primarily of

Lygodesmia juncea (rush skeletonplant), Gaura coccinea (scarlet gaura)

and Oenothera coronopifolia (evening primrose).  Grasses and shrubs

did not seem to recover in this manner.

The second method of recovery was the influx of invader species

whose growth and development apparently resulted from release of inter-

specific competition with the perennials since the annuals present in

the recovery area were also present in all other parts of the study

r) area although smaller and with a lower frequency of occurrence. The

\-31
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species most common were Salsola kali tenuifolia (tumbling russian

/-1 .

thistle), Lepidium densiflorum (prairie pepperweed) and Chenopodium

U
leptophyllum (slimleaf goosefoot).  Also present, but in smaller

numbers, were Euphorbia glyptosperma (ridgeseed euphorbia) and Aster

tanacetifolius (tansyleaf aster).

Recovery was detectable by the September 1969 sampling date in

the spring exposed sector.  During the 1970 growing season recovery

took place in the spring and summer exposed sectors but very little

in the late fall exposed sector and that limited to macroplots which

had received exposure rates of less than 115 R/hr and consisted of0
the reappearance of perennials listed above.  Apparently exposure

rates of 68 R/hr or greater (54kR total) affected the germinability

of the seed of the annuals since the seed was probably distributed

before irradiation. (Visual observation in the early 1971 growing

season indicated that there was an influx of invader species with at

least Salsola kali tenuifolia and Lepidium densiflorum seedlings

present in large numbers.

Preliminary results of an associated study in which plots were

<           disturbed by burning, scraping or rototilling indicated that recovery

of the rototilled plots was most similar to recovery of the seasonally

exposed macroplots which received high levels of radiation.  The 1969

rototilled plots were invaded in 1970 by Salsola kali tenuifolia and

Chenopodium leptophyllum with smaller numbers of Lepidium densiflorum,

Aster tanacetifolius and Euphorbia glyptosperma.  Plants of these

species in the rototilled plots made vigorous growth during 1970,

especially Salsola kali tenuifolia and Chenopodium leptophyllum which

0
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paralleled the growth pattern of these species in the high exposure
1  '

<             rate macroplots of the spring and summer exposed sectors.

Coefficient of community

The coefficient of community for the spring exposed sector

increased' rapidly, although erratically, during the latter part of

the 1969 growing season and during 1970 (Fig. 9).  The apparent de-

crease in recovery for the April 1970 sampling date was due to the

absence of early growing perennials and annuals and did not reflect

a true lack of recovery.  For the summer exposed sector, much the same0
pattern existed with very little recovery indicated by April 1970 but

significant recovery was apparent by June 1970 (Fig. 10).  For the

late fall exposed sector, there was a much longer delay in detecting

the effects of the radiation and no recovery was detectable by June

1970 (Fig. 11).

Diversity index

The recovery of the high exposure rate macroplots of the seasonally

            exposed sectors as measured by diversity was similar to that measured

by the coefficient of community.  The major difference was that the

addition of a species added to diversity regardless of its occurrence

elsewhere in the study area while the addition of a species added to

the coefficient of community only if it also occurred in the control

sector plots.  This might allow the development of a highly diverse

community in one of the recovering macroplots with a zero coefficient

of community.  In general, this was not a problem in this study since

r) the control sector macroplots contained essentially all species that

\»9
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occurred in other sectors before, during or after irradiation.  How-

<             ever, the recovery macroplots did not have the same vegetation as the
stand previous to irradiation since major perennial grassds and shrubs

had been eliminated (Figs. 16, 17 and 18).

Yield

All yields, including total, the grass-sedge component and the

visual estimates of the grass-sedge component, were recorded a consid-

erable time after cessation of irradiation and an opportunity for

recovery had taken place.

0 The total yield and grass-sedge components of the total yield

were determined by clipping the plots in September 1970.  The visual

estimates of the grass-sedge component were recorded in August 1969

for the spring exposed sector and in September i970, just prior to

clipping, for the spring, summer and late fall exposed sectors.

Total yield - In the spring exposure sector, macroplot 1 (650 R/hr)

had a significantly lower yield than the overall "no effects" mean of

/4h 132 g/m2 although the reason is not apparent (Fig. 19).  In macroplot\-7

2 (315 R/hr) the yield averaged approximately 1800 g/m2.  This was not

significantly different from the overall average because of the high

variance which was primarily due to one large Salsola kali tenuifolia

individual in one microplot.  The yield of the third macroplot (185

R/hr), had decreased to 260 g/m2, not significantly different from

the overall mean.

The yields in the high exposure rate macroplots of the summer

0 exposed sector were similar.  In macroplot 1, the yield was just under
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1000 g/m2, again, due to large Salsola kali tenuifolia and also

Chenopodium leptophyllum plants.  In macroplots further from the

<             source, the yield was not significantly different from the overall

average.  The high yield in the close in plots seemed to be due to

invasion by three species, the two mentioned above plus some Lepidium

densiflorum.  Other species were present but did not contribute signi-

ficantly to the total yield.

The late fall exposed sector showed a different pattern.  No

plants occurred in the close-in macroplots.  Macroplot 3 did have some

Opuntia polyacantha that were apparently still alive by September 1970

<           and this species contributed all of the 18 g/m2 yield of that macro-

plot.  In macroplots 4 and 5, some carex was still growing and that

species made up the 1 and 4 g/m2 average yield in those 2 macroplots.

In macroplot 6, several species, including Bouteloua gracilis, were

present and the yield was 46 g/m2, still significantly lower than the

overall average.  The annuals present in the recovery of the spring

and summer exposed sectors were missing from the December exposure

sector, apparently due to the effect of the radiation on the seed of

            the annuals.  Lack of these annuals prevented the large yield in the
close-in macroplots of the late fall exposed sector as was seen in the

spring and summer exposed sectors.

Visual estimates of grass-sedge yield - Visually estimating the grass-

sedge yield gave essentially the same results as the clipped yield and

involved considerably less time. It took approximately 15 minutes per

macroplot to clip the grass-sedge component.  In addition, the clipped

material had to be dried and weighed.  Visual estimates took0
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approximately two minutes per macroplot plus approximately one hour

per day for calibration by clipping plots outside the radiation field.

The September 1969 YLD50 from the visual estimates was 16 R/hr

and the DI 50 was 31 R/hr or a ratio of 1.9:1.  For September 1970 the

values were 9 R/hr for YLD50 and 14 R/hr for DI50 or a ratio of 1.6:1.

If the grasses and sedges are the most resistant component of the

plant community, then this ratio should approach 1 under long-term

chronic irradiation.

Note that there was no change in the YLD50 for the spring irradi-

ation treatment from 1969 to 1970 (67 compared to 66 R/hr) indicating0 some growth of Bouteloua gracilis after the cessation of irradiation

in 1969 but little, if any, recovery during 1970 by new growth or

spreading of old plants.

Density

There was no clear pattern of recovery for Bouteloua gracilis in

the seasonal irradiation treatments by September 1970.  The low LD50

of 19 R/hr for the summer irradiation treatment, April 1970 sampling

date was apparently due to a lack of early growth of the f. gracilis

crowns since the June 1970 data did not indicate similar results. For

the late fall irradiation treatment, cover values in the "effects"

zone decreased during 1970 and it was not clear by September 1970 if

they had stabilized.

There was a time lag in the expression of radiation damage for

Opuntia polyacantha as measured by density.  It should be noted that

the "no effects" mean was higher for all June 1969 and 1970 data than

0'
for other sampling dates due to the formation of new lobes.  Apparently
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old lobes died during the growing season since the lobe density

decreased by September each year.  This change did not appear in the

"effects" zone and probably reflects radiation damage to the meristem

or due to a general reduction in the vigor of the plant.  There was

no indication of recovery for 2. polyacantha.

For the other two species for which density was reported,

Eriogonum effusum and Tradescantia occidentalis, there was no indica-

tion of recovery except for macroplot 5 (68 R/hr) of the spring irradi-

ation treatment. E. effusum plants in this plot appeared to be dead

at the June 1969 sampling date but had recovered by the September 19690 sampling date.  They were still living in 1970 and appeared to have

good vigor.

0

0
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Chapter 5

                        
              CONCLUSION

S
The shortgrass plains plant community appears to be very radio-

resistant.  McCormick (1969) summarizes the sensitivities of plant

communities studied to that date and lists the exposures necessary .

to cause severe effects from 2 to 3 kR for a pine forest to 45 kR for

an abandoned crop land community.  Based on the results of the present

study the most sensitive period for the shortgrass vegetation, of the

3 periods studied, was late fall with 120 R/hr (95 kR) necessary to

cause a 50 per cent reduction in coefficient of community and 60 to

0 90 R/hr (48 to 56 kR total) resulting in a 50 per cent reduction in

diversity.  Both coefficient of community and diversity can be consid-

ered as detecting severe effects since both involve the elimination

of individual plants to cause changes.

Minor effects, such as a reduction in growth, was estimated as

0.1 to 1 kR for the pine forest and 3 to 7 kR for the abandoned crop

land community.  The exposure rate that resulted in a 50 per cent

i
reduction in the yield of the grass-sedge component of the·shortgrass

            vegetation was 31 R/hr (24kR total) for the most radiosensitive

season, late fall.

The most sensitive indication of radiation induced change appeared

to be phenology.  Tradescantia occidentalis and Opuntia polyacantha

had similar radiation sensitivities and the lowest exposure rate

affecting phenology in the chronically irradiated sectors during the

second growing season was 1 R/hr (24 R/da). In contrast, Woodwell and

Rebuck (1967) reported that, for the oak-pine forest, there was a

0
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measurable reduction in height growth of Btems and trees (both oak and

          pine) at a chronic exposure rate of 1 R/da.Miller (1968) reported that an old field plant community was most

sensitive during the spring, least sensitive during winter and inter-

mediate during summer and fall.  The results of this study indicated

that the shortgrass vegetation is most sensitive in late fall, least

sensitive in summer and intermediate in spring.  The spring and summer

irradiation treatments corresponded in time (April and July) to

Miller's study but the late fall irradiation treatment (December) was

during the time between Miller's fall (October) and winter (January)

                      treatments.     In both studies, the period of irradiation was approx-

imately 30 days.  Had the same total exposure for each sector been

delivered in a few hours (an acute exposure) instead of 30 days (semi-

acute or semi-chronic) the shortgrass plains vegetation would have

probably been most radiosensitive during the spring period when meri-

stematic activity was high.

The effects of the radiation (and early recovery for the seasonal

irradiation treatments) are graphically displayed in photographs taken

A in August 1970 (Fig. 25 through 28).  Fig. 25 shows the "lethal" zone\-,7
in one chronic treatment sector with a portion of the "effects" zone

near the left edge of the picture.  Also, a portion of the other

chronic zone can be seen in the foreground. The control sector can be

seen in the background.  Fig. 26 shows the spring exposed sector where

large plants of Salsola kali tenuifolia can be seen near the source.

The summer exposed sector is shown in Fig. 27 and the large 9. kali

tenuifolia plants can be seen near the source.  Other species are

<r-,1                      present
but cannot be recognized  in the picture.     Fig. 28 shows   the

Lj
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Fig. 25. Photo of chronically irradiated area (sector two) .
The arcs indicate approximate boundaries of macroplots

starting with macroplot 1 nearest the source at the right.
Portions of macroplots 8, 9 & 10 can be seen at the left.
Patches of dead Opuntia polyacantha can be seen in macro-
plots 4, 5, 6 & 7.  Patches of living Bouteloua gracilis
can be seen in macroplot 7 with more general growth noted
in macroplot 8.  The control sector extends out from the
source to the upper left and the other chronically 'exposed
sector extends out to the lower left. Note the vegetation
in the shadow area.  Shadow areas were used as walkways to
the source area and macroplots.  The chain link security

fence, gates and control house (500 feet away) can be seen
in the background.  Photo was taken with a Canon FTQL SLR
35 mm camera with a FL 28 mm wide angle lens on 12 August
1970, 15 months after initiation of chronic irradiation.

0

0
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Fig. 26.  Photo of the spring exposed sector showing the first
6 macroplots out from the source.  Note the large Salsola kali

tenuifolia plants near the source. Smaller plants in micro-
plot 1 are mostly Lygodesmia luncea, a perennial.  Stakes near

the center of each macroplot mark the location of the 12 perma-

nent  microplots.    Some  of  the 5. kali tenuifolia  to  the  left
are growing in the shadow area.  Photo was taken with a Canon

FTQL SLR 35 mm camera with a FL 28 mm wide angle lens from the

rear of macroplot 8 (9 m from source) on 4 August 1970, 15
months after the irradiation treatment.
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Fig. 27.  Photo of the summer exposed sector showing the first
6 macroplots out from the source.  Note the vigorous recovery
growth in macroplots 1 and 2.  This growth was comprised
mostly of Salsola kali tenuifolia, Chenopodium leptophyllum
and Lepidium densiflorum.  Average yield from macroplot 2 in
September 1970 was 1800 g/m2 while average yield from macro-
plot 6 was 180 g/m2.  Photo was taken with a Canon FTQL SLR
35 mm camera with a FL 28 mm wide angle lens from the rear
of macroplot 8 (9 m from source) on 4 August 1970, 12 months
after the irradiation treatment.
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Fig. 28. Photo  of  the  late fall exposed sector showing  the                                           
first 6 macroplots out from the source.  Note the complete lack
of recovery in the macroplots near the source (the Chenopodium
82 · plant near the source was rooted in the walkway behind
macroplot 1).  Also note the persistence of Opuntia polyacantha
in macroplot 3.  Pitfall traps, used in an associated arthropod
study, can be seen along the centerline of the sector.  Photo
was taken with a Canon FTQL SLR 35 mm camera with a FL 28 mm
wide angle lens from the rear of macroplot 8 (9 m from the
source) on 4 August 1970, 8 months after the irradiation
treatment.
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late fall exposed sector.  Macroplots near the source are bare except

                 for
the Opuntia polyacantha in macroplot  3  (185 R/hr) . Also, there is

one plant, tentatively identified as Chenopodium   · that occurred in

the walkway between macroplots 1 and 2.  This was the only plant of

this species seen in the study area.

In general, the results of this study seem to warrant these

conclusions:

1.  The structure of shortgrass plains vegetation is very

radioresistant with exposure rates of 8 to 24 R/hr necessary

to result in a 50 per cent reduction in the coefficient of0 community and/or diversity after 15 to 18 months of chronic

exposure to gamma radiation.

2.  Shortgrass plains vegetation is most sensitive to semi-

acute (30 day) gamma radiation in late fall, most resistant

in summer and intermediate in spring.

3.  Individual species of the shortgrass plains plant community

are relatively radioresistant with the most sensitive species

(Opuntia polyacantha and Tradescantia occidentalis) requiring a

  ) chronic exposure rate of 1 R/hr to produce detectable results

as measured by changes in phenology.

4.  Shortgrass plains vegetation showed rapid recovery from the

effects of semi-acute radiation due to an influx of invader

species (primarily Salsola kali tenuifolia and Chenopodium

leptophyllum) and recovery of perennial species with under-

ground perennating organs (primarily Lygodesmia juncea, Gaura

coccinea and Oenothera coronopifolia), although recovery rates

varied with season of exposure. Recovery had not taken place
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for the dominant species, Bouteloua gracilis, by the end of the

1970 growing season, and recovery for this species may be very

slow.  The plant community resulting from the early recovery

phase appeared to have an entirely different structure (and

probably function) than the pre-irradiation plant community.

0
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Checklist of plant species identified in the study area.*

                                                                                                                
                                GRASSES

Scientific Name Common Name

Agropyron smithii bluestem wheatgrass

Aristida longiseta red threeawn

Bouteloua gracilis blue grama

Buchlde dactyloides buffalograss

Festuca octoflora sixweeks fescue

Muhlenbergia torreyi ring muhly

Oryzopsis hymenoides indian ricegrass

Schedonnardus paniculatus tumblegrass

Sitanion hystrix bottlebrush squirreltail

Sporobolus cryptandrus sand dropseed

Stipa comata needleandthread

SEDGES

Carex filifolia threadleaf sedge

Carex heliophila sun sedge

FORBS

Abronia fragrans snowball sandverbena

Allium textile textile onion

Argemone intermedia prickle poppy

Aster tanacetifolius tansyleaf aster

Astragalus bisulcatus twogrooved loco

Astragalus gracilis

Astragalus mollissimus woolly loco

Chenopodium album lambsquarters goosefoot

*Most scientific names follow Harrington (1954).
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Checklist (continued)

0                         FOR"
Scientific Name Common Name

Chenopodium leptophyllum slimleaf goosefoot

Chrysopsis villosa hairy goldaster

Cirsium undulatum wavyleaf thistle

Cleome serrulata bee spiderflower

Cryptantha jamesii james cryptantha

Cryptantha minima

<            Erigeron pumilis low fleabane

Eriogonum effusum buclwheat                           9

Euphorbia glyptosperma ridi eseed euphorbia

Gaura coccinea scai'let gaura

Gilia laxiflora

Grindelia squarrosa curlycup gumweed

Haplopappus spinulosis ironplant goldenweed

Helianthus annuus common sunflower

)

Helianthus petiolaris prairie sunflower

Lappula redowski stickseed

Lepidium densiflorum prairie pepperweed

Leucocrinum montanum common starlily

Liatris punctata dotted gayfeather

Lithospermum incisum gromwell

Lupinus pusillus rusty lupine

Lygodesmia juncea rush skeletonplant

Mentzelia stricta stickleaf

0

A             ' . .  .
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Checklist„(continued)

0                         ""'
Scientific Name Common Name

Mirabilia linearis four o'clock

Oenothera coronopifolia evening primrose

Oxytropis lambertii lambert crazyweed

Penstemon albidus white penstemon

Penstemon angustifolius narrowleaf penstemon

Physalis lanceolata ground cherry

<              Plantago purshii woolly indianwheat

Psoralea tenuiflora common breadroot scurfpea

Ratibida columnaris upright prairieconeflower

Salsola kali tenuiflora russianthistle

Scutellaria brittonii brittons skullcap

Senecio multicapitatus

Senecio tridenticulatus

Sphaeralcea coccinea scarlet globemallow

0 Stephanomeria pauciflora wirelettuce

Taraxacum dandelion

Talinum parviflorum prairie flameflower

Thelesperma megapotamicum

Thelesperma trifidum

Tradescantia occidentalis spiderwort

Tragopogon porrifolius vegetable-oyster salsify

Verbena bracteata bigbract verbena

0
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Checklist (continued)

SHRUBS

Scientific Name Common Name

Artemisia frigida fringed sagebrush

Chrysothamnus nauseosus rubber rabbitbrush

Gutierrezia sarothrae broom snakeweed

Mamillaria vivipara

Opuntia polyacantha common pricklypear

Yucca glauca small soapweed

                                       OTHERS

Parmelia lichen

0

0
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OPERATION OF GRASSLAND RADIATION FACILITY

0 A. Authorized Users                           '

Operation  of  the rad iation source is limited   to ind ividuals
specifically authorized by Colorado State University's Radiation
Safety Comm ittee  and by the project's principal  investigator.
At   present, the follow ing individuals are authorized to utilize
the facility:  F. Ward Whicker, Leslie Fraley, Jr., and
Larry L. Cadwell.

B.    Custody of Keys to Facility

The Unive rsity's Radiation Control Officer, Keith  J.
Schiager and the project leaders, Leslie Fraley and F. Ward
Whicker each have custody of a set of the keys necessary to
operate the radiation facility. These persons are responsible

<                    for the security of all keys to the facility.

C.    Records of Facility Usage

Each tirne the facility is occupied, a log sheet (see next
page)  will  be com pleted. Completed log sheets  will be duplicated.
The original copies will be kept by the project leader and the
duplicate copies  will be subm itted  to the Radiation Control
Office r.

D. Personnel Monitoring and Protection

All personnel associated with the grassland radiation study
shall wear film badges and direct reading pocket dosimeters
while at the facility. Visitors shall wear direct reading pocket
dosimeters  while  at  the  facility.      The initial, final,   and  net
radiation exposure readings shall be recorded daily on the log
sheet by each person at the facility.

A calibrated portable GM survey meter shall be maintained
permanently in the control house. Upon arrival at the facility,
the user shall immediately ascertain that the survey meter is
functioning properly.  A "test" reading is made with a calibra-
tion source.  If the "test" reading indicates that the GM survey
meter is not functioning properly, access to the facility shall
not be granted until a survey meter that is operating properly can
be brought to the facility.  The dose rate at the control panel with
the radiation source in the up position is measured. Another
reading is taken after the source has been lowered before entry0 into the radiation field. All readings are recorded on the
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GRASSLAND IRRADIATION LOG SHEET

To be complete,(11<>r each visitation.

0 I. D:itc,
It. Personnel Exposure Data (list all persons entering the irradiation

field and the monitoring device worn by each):

Chambe r
Film Dos imeter Dosimeter readings  (m R)

Name Badge Numbe r Initial F inal Net

i.

2.

3.

4.

5.

6.

III.  Survey and inspection at time of arrival:
SURVEY INSPECTION

1.   Aleter used 1. Warning lights
2. Calibration clate 2.   Winch
3. "Test" reading niR/Hr 3.    Cables
4. Control Panel

Source up m R/Hr
Source down m R/Hr

IV. Utilization record:
Purpose Irradiation shut down time

Time down Time up Total  down tini e

V. Terminal survey and inspection:
1. Source activated Power ON and LOCKED
2. Control panel survey m R/Hr
3. Control house LOCKED Survey meter OFF

All gates LOCKED
4.  Sections II and IV completed

User's signature
VI. Miscellaneous notes and observations:

(             VII.
(Racliation control use only)
Dositneter data recorded
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                   log sheet.

The first person to enter the radiation field after
lowering the source shall carry the survey meter into the field
to verify that the source is completely down.  When the source
is re-activated, another dose rate measurement at the control
panel is made and reco rded.

Any worker entering the radiation field shall place a pad-
lock  through  the  w inch and carry the key on his person so that
the source cannot be raised   unt il all workers have checked   out
through the control house.

E.    Inspections of Facility and Leak Tests

Visual inspection of indicator and warning lights, winch,
cables, pulleys, interlocks, and other hardware associated

1                 with the source is conducted during each visit to the facility
and noted on the log sheet. Visual inspection of the security
fences and gates shall be made at least every two weeks.  Any
malfunctions and/or damage of any component of the facility
shall be recorded on the log sheet, reported to the Radiation
Control Officer and principal investigator, and appropriate ac-
tion initiated as soon as possible. Should any damage or mal-
function create a possible radiation hazard to persons or live-
stock, the source  must  be  shut  down  unt u the facility is ·repdired.

Every six months, a sample of oil shall be withdrawn from
the lead shield source container and quantitatively assayed for·
the presence of radioactivity. Results shall be submitted to the
Radiation Control Officer and to the State of Colorado, Depart-
ment of Public Health.    If a sample of oil contains  more  than
0.05 microcuries permilliliter, the source must beshut down
immediately and corrective action taken in accordance with
State 0-f Colorado regulations.

F. Normal Operating Procedures

1. Upon entry into the control house, complete sections I and
II of Log Sheet. Make certain that appropriate pocket
dositneters and filni badges are worn by each individual
planning to enter the radiation field.

2. Verify proper operation of GM survey nieter and complete
section III, itenis 1-3 on Log Sheet. Measure dose rate
at control panel and record on Log Sheet (section III, iten 10 4).  A reading of less than O.05 m R/hr indicates source
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                           is down.
A reading in excess of 0.1 mR/hr indicates

source is up.

3. Infe rence regarding status of source from survey metei·
read ing should agree with indication from control panel
lights. The possible indicator light combinations  and
their m eanings are given below:

Cont rol Panel
Ind icator Lighls Combinations
Red on off off on off off

Amber on on on off off off

Green off off on off off on

Magnet current on on on off off off

Magnet position up interm ed iate down UP intermediate down

                            Source pos ition* up intermediate    down       down down down

*
Source position must never be inferred from indicator lights alone.
A malfunction or improper operation could lead to a false indication.

If the status of the source as determined from the survey
meter does not agree with its position according to the control

panel indicator lights, an  abnormal  situation  is ind icated.     For
example, if the control panel lights indicate source to be in
the"up" or "intermediate" positions and the survey meter
reads less than 0.05 m R/hr, the magnet should be lowered
until the green indicator light is on and the, winch cable rider
is in the "down" position.  With the magnet current on, it

 11                                                    should  now be possible  to  ]4a ise the source. Should the survey
\/ meter indicate greater than 0. i mR/hr when the control panel

lights indicate source "down", an abnormal situation exists.
If the discrepancy cannot be accounted for by burned-out
indicator lights, EMERGENCY PROCEDURES (Section G)
must be followed.

Any abnormal condition must be reported at once to the
Radiation Control Officer and the principal investigator for
evaluation and corrective action.

0
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worker's arrival. When items F. 1. through F. 3. have

4.       The  source is normally  in  the  "up" pos ition  upon  the

been completed and it is determined that the status of the
source is as expected, the source may be lowered.  To
lower the source:

a. Remove padlock from winch.

b.   Prepare to observe survey meter and record time.

c. Release winch ratchet cog.

d. Lower magnet and source by turning winch handle clock-
wise at the rate of about i turn every second.  As the
source is lowered, observe cables to ascertain that
slippage or fouling does not occur. Survey meter
readings should momentarily increase and then decrease
rapidly as the source is lowered. Record the time on
the log sheet when the survey meter indicates less than
0.05 mR/hr.  When the source isabout 18 inches from
the  "down" pos ition, decrease  the  rate of lowering  to
about 1 turn every 30 seconds to allow the oil time to
flow past the source. Continue until the green indicator
light is on.

e. Engage winch ratchet cog.

f. Place padlock in winch.

g. Switch magnet current off.

5. Radiation field may be Ientered only after additional survey
meter readings indicate that source is down.

6. Never lower source byl switching magnet off unless other
methods have failed and one of the security fences is damaged.If the source cannot be lowered by the normal method,
EMERGENCY PROCEDURES (Section G) must be followed.

7 .          To   ra is e   sou 1' ce:

a. Make certain  that all persons  are  out  of the rad iation
field.

0 b. Lock gates at inner security fence and control house.



154

<                             c.   Shut and
lock south door of control house.

d.        Pre pare to observe survey meter and record time.

e. Remove padlock (s) from winch.

f. Release winch ratchet cog.

g. Turn magnet current on (amber indicator light should
turn on).

h. Raise magnet and source by turning winch handle counter
Clockwise. Raise source slowly (i turn per 60 seconds)
for the first 18 inches to allow oil to drain past source.
Observe cables to ascertain that slippage or fouling

                                does not occur. Turn winch at the rate of i turn every
second after oil has seeped beneath source. Record
time on log sheet when survey meter indicates more
than 0.1 m R/hr. Survey meter readings should approach
2.5  11,R/hr when source is ininte rmediate pos ition  and
then decrease as source approaches sky-shield.
Approach up position at a somewhat slower rate until
red indicator light is on.

i. Engage winch ratchet cog.

j. Place padlock in winch.

k.   Ascertain that winch-operated bolt is across south door

                                 of control house.

8. Complete Sections IV, V, and VIof log sheet.

9.   Lock all doors and gates as facility is vacated.

G. EMERGENCY PROCEDURES

1.   If any of the following conditions are found to exist, enier-
gency action must be taken imm ediately:

a. Physical Daniage to either fence or to control house
that would be sufficient to permit easy entry of humans
or  livestock  into  the rad iation  or high radiation areas,

0
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1, 1 1 11.    "b.   Malfunction of Soui'ce such that source is frozen in
the  up or Lnteritiediate positions and cannot be
lowered by normal means.

c.   Source Leakage sufficient to allow measurable contam-
inat ion beyond the source capsule.

d. Any other condition which would -ind icate the safety  of
the facility to be questionable.

2. EMERGENCY ACTION

a.        Lower r'ad iation source if possible.

b. Make certain that no persons or livestock are in the   :
rad iation field.

c. Make certain that no persons or livestock can inadvert-
ently enter radiation field.

d.   Contact the Radiation Control Officer and the project's
principal investigator as  soon as possible.

Nearest telephones: Pawnee Site Headquarters, Inter-
national Biological Program and Central Plains
Experimental Range Headquarters,  U. S. D. A.

Radiation Control Officer:

Ke ith  J.    Sch iage r,    Fo rt Collins,
Colorado State University: 491-6745

491-6746
Hom e: 484-0971

Principal Investigator:

F. Ward Wliicker, Fort Collins,
Colorado State University: 491-5343

491-5222
Hom e: 482-2022

Leslie Fraley,  Jr., Fort Collins,
Colorado State University: 491-5343

491-5222

(11>
Home: 484-0655
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e.   DO NOT. Al'l'El\·I Pl' 7'0 ENTER RADIATION IrDE 1.,D
OR '1'0 MAKE. Rl·:I'AIRS.

3.  Eniergency Inspection aticl Repait'

a.   Entry into the radiation field with the source "up" or
"intermediate" shall be performed only under the
direct supervision of the Radiation Control Officer.
No individual, including the Radiation Control Officer,
shall work alone during emergency inspection and
repair.

b.   All personnel involved with emergency inspection and
repair shall wear both a film badge and a 200 m R
pocket dosimeter. A high range monitoring instru-
ment shall be provided for use in addition to the survey
meter normally available at the facility.

c.   In the event that any malfunction of the facility cannot
be properly corrected by Colorado State University
personnel without exceeding the permissible exposure
limits specified in tlie University's Radiation Control
Manual, technical assistance will be requested fro Ill
elsewhere.

0

0
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Table 23 .  Temperature and precipitation for April 1968 through
December 1970 at the grasslands irradiation study area weather
station.

Average Average Average
Maximum Minimum Average

Temperature  Temperature  Temperature  Precipitation
Year Month (oCelcius) (oCelcius) (0Celcius)      (cm)

1968 Apr 11.7 -1.6 5.0 4.0

May 18.4 3.7 11.1 7.5

Jun 26.0 9.4 17.7 5.9

Jul 28.8 11.6 20.2 3.3

Aug 27.0 10.5 18.7 4.3

Sep 24.0 4.9 14.4             .7

0 oct 18.5           .7 9.6 1.7

Nov 7.1 -7.2           0            2.1

Dec 4.4 -11.5 -3.5 1.4

1969 Jan 7.0 -10.0 -1.5            .3

Feb 7.2 -8.1 -.4            .7

Mar 6.3 -8.8 -1.2            .8

Apr 17.6           .4 9.0 4.4

May 21.1 6.1 13.6 7.4

Jun 20.9 7.7 14.3           7.3

Jul 30.5 12.9 21.7 2.4

Aug 30.9 12.6 21.7 1.4

Sep 25.6 8.3 16.9 5.0

Oct 9.4 -1.6 3.9 6.2

Nov 11.3 -5.6 2.8 1.0

Dec
,

6.5 -7.8 -.7             .2

0
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Table 23 . (continued)

  

Average Average Average
Maximum Minimum Average

Temperature  Temperature  Temperature  Precipitation
Year Month (oCelcius) (oCelcius) (OCelcius)        (cm)

1970 Jan 5.8 -10.5 -2.4            .1

Feb 11.1 -8.1 1.5            .1

Mar 5.4 -7.7 -1.1 3.2

Apr 12.1 -2.7 4.7 · 3.8

May 22.2 4.2 13.2 2.0

Jun 25.5 7.7 16.6 3.1

 
Jul 30.9 13.7 22.3 3.7

Aug 31.4 13.2 22.3            .4

Sep 22.2 4.9 13.5 3.3

Oct 13.1 -1.7 5.7 3.2

Nov 9.4 -5.5 2.0             .8

Dec 5.7 -10.1 -2.2            .4

Summary (Averages for temperature and total for precipitation)

1968             *            *            *            30.7**

1969 16.2          .6 8.4 37.1***

1970 16.3 -.2 8..0 24.1

*Data from April through rest of year for 1968, therefore average
not available.
**April through December only.
***Fifteen year CPER average (Kipple and Costello, 1960) was 30.4 cm.

0
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Table 24.  Coefficient of community as a function of
exposure rate in sector 2 for selected sampling

                   
   dates.

exposure
rate sampling date

(R/hr) 4-69 6-69 9-69 4-70 6-70

650 .51      0      0      0      0

315 .3 9               0               0               0               0

185 .55 .06               0               0              0

115 .42 .19      0      0      0

68 .49 .35 .03 .07 .02

45 .67 .44 .03       0       00
28 .74 .56 .36 .46 .16

18 .51 .48 :37 .45 .34

12 .74 .60 .59 .46 .50

7.2 .63 .58 .61 .67 .60

4.8 .48 .49 .49 .41 .45

3.4 .56 .56 .54 .53 .52

2.2 .66 .68 .74 .58 .64

1.3 .54 .58 .56 .53 .62

.72 .63 .71 .73 .69 .64i-/

.41 .59 .66 .66 .73 .71

.22 .66 .55 .67 .66 .60

.11 .76 .59 .68 .58 .59

.056 .61 .61 .62 .68 .64

.029 .55 .46 .66 .59 .56

.016 .61 .43 .56 .44 .50

.010 .59 .38 .43 .44 .48

0
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Table 25.  Coefficient of community as a function of
exposure rate in sector 3 for selected sampling
dates.

1

exposure
rate sampling date

(R/hr) 4-69 6-69 9-69 4-70 6-70

650 .4 5              0              0              0             0

315 .76 .21      0      0      0

185 .61 .21      0      0      0

115 .76 .3 6             0             0            0

68 .56 .38 .08       0       0

45 .55 .34 .10 .46 .06

28 .52 .38 .36 .44 .06

18 .63 .47 i. 60 .46 .06

12 .65 .61 .40 .59 .41

7.2 .63 .57 .47 .66 .61

4.8 .60 .73 .55 .67 .58

3.4 .54 .58 .54 .56 .56

2.2 .69 .63 .74 .73 .59

1.3 .57 .65 .62 .69 .63

.72 .54 .56 .58 .61 .58

.41 .66 .59 .51 .64 .66

.22 .77 .68 .67 .73 .64

.11 .64 .52 .45 .49 .56

.056 .69 .48 .68 .58 .62

.029 .70 .71 .73 .68 .66

.016 .38 .32 .53 .37 .47

.010 .45 .46 .47 .47 .50
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Table 26.  Coefficient of community as a function of
exposure rate in sector 4 for selected sampling

                    
   dates.

exposure
rate samRling date

(R/hr) 4-69 6-69 9-69 4-70 6-70

650 .66       0     .22       0     .10

315 .56 .21 .21      0     .30

185 .66 .36 .31       0     .23

115 .63 .36 .68 .58 .38

68 .66 .51 .60 .63 .43

45 .69 .57 .72 .63 .55....

U
28 .55 .42 .48 .50 .49

18 .61 .52 .40 .56 .58

12 .38 .58 .53 .58 .60

7.2 .64 .63 .79 .63 .57

4.8 .40 .52 .49 .38 .58

3.4 .37 .52 .53 .60 .63

2.2 .45 .56 .48 .56 .53

1.3 .76 .69 .72 .60 .65

.72 .57 .69 .60 .64 .64

.41 .50 .56 .60 .41 .55

.22 .45 .56 .50 .39 .57

.11 .72 .72 .74 .58 .61

.056 .55 .70 .65 .74 .65

.029 .51 .59 .61 .69 .58

.016 .59 .56 .60 .55 .57

.010 .44 .55 .47 .51 .54
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Table 27. Coefficient of community as a

function of exposure rate in sector 5 for

                          exposure

. selected sampling dates.

rate sampling date

(R/hr) 7-69 9-69 4-70 6-70

650 .59       0       0     .34

315 .63 .37       0       0

185 .67 .34       0     .33

115 .70 .55 .07 .50

68 .62 .62 .35 .70

45 .64 .56 .54 .56

28 .59 .49 .54 .58

18 .55 .56 .41     .64

12 .53 .61 .65 .60

7.2 .47 .62 .73 .67

4.8 .66 .74 .73 .68

3.4 .66 .79 .73 .68

2.2 .73 .74 .73 .69

1.3 .63 .79 .65 .60

.72 .67 .67 .73 .710

.41 .48 .61 .61 .62

.22 .56 .66 .58 .64

.11 .61 .74 .73 .59

.056 .48 .50 .40 -

. 57

.029 .50 .61 .58 .59

.016 .41 .38 .41 .42

.010 .60 .61 .55 .52

0
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Table 28. Coefficient of community
1                                   asia function of exposure rate in

sector 6 for selected sampling
dates.

exposure
rate sampling date

(R/hr) 9-69 4-70 6-70

650 .38 .46       0

315 .54 .59 .16

185 .54 .74 .32

115 .37 .50 .27

68 .54 .56 .29

45 .54 .59 .47

28 .59 .73 .51

18 .55 .65 .59

12 .79 .64 .64

7.2 .73 .60 .63

4.8 .67 .67 .66

3.4 .59 .73 .52

2.2 .71 .74 .58

1.3 .55 .58 .55

.72 .67 .66 .61

.41 .74 .73 .58

.22 .73 .73 .54

.11 .72 .73 .59

.056 .74     .58     .49

.029 .62 .60 .60

.016 .60 .69 .54

.010 .47 .52 .48

1
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Table 29. Diversity index as a function of exposure rate . '

in sector 1 for selected sampling dates.0 exposure
rate sampling date

(R/hr) 4-69 6-69 7-69 9-69 4-70 6-70

650 .68 1.98 3.34 1.16 .48 2.81

315 .94 3.29 5.14 2.23 1.77 4.70

185 1.00 4.89 5.74 2.30 1.88 6.03

115 .41 3.27 4.23 1.43 .41 4.48

68 .81 3.41 3.74 .84 1.60 4.33

45 1.40 4.07 5.39 1.94 1.14 4.41

28 .91 2.98 3.70 2.06 1.57 3.87

18 1.19 3.32 4.51 2.08 1.46 4.81

12 .91 2.91 3.43 1.86 1.36 4.95

7.2 2.15 4.10 5.42 1.98 1.60 5.08

4.8 2.13 4.03 5.57 2.65 1.98 5.52

3.4 1.36 3.21 3.53 · 1.56 1.06 3.23

2.2 1.63 3.75 5.14 2.79 2.13 4.24

1.3 1.85 3.72 4.72 2.22 2.47 4.28

0 .72 1.13 3.25 3.76 1.47 1.53 4.75

.41 .91 ,1.72 2.85 1.34 1.40 2.80

.22 .41 4.86 5.27 1.14 2.12 4.97

.11 1.23 3.27 4.03 1.71 .93 4.57

.056 1.49 2.35 3.89 1.20 1.47 3.25

.029 1.01 2.26 2.79 1.72 .50 3.06

.016 1.43 2.91 3.57 1.43 1.23 4.33

.010 1.66 4.02 4.03 .93 1.39 4.70

0
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Table 30. Diversity index as a function of exposure rate
in sector 2 for selected sampling dates.

           exposurerate sampling date
(R/hr) 4-69 6-69 9-69 4-70 6-70 9-70

650 .68      0       0       0       0       0

315 1.11      0       0'      0       0       0

185 1.83 .30      0    1  0       0       0

115 1.56 .72      0       0       0       0

68 1.60 1.19 .50 .30 ' 30 ' .43

45 1.78 2.16 .30      0       0       0

0 28 1.91 2.85 1.02 .72 1.22 1.25

18 1.86 2.12 .52 .75 1.19 .79

12 1.80 3.19 1.81 1.02 2.68 1.50

7.2 2.03 1.56 2.19 :89 3.29* 1.06

4.8 1.41 1.92 1.22 .61 3.66. 2.89

3.4 1.11 2.41 1.35 .71 4.12 2.68

2.2 1.54 2.88 1.00 .71 :4.37 1.61

1.3 1.11 3.25 1.61 1.18 4.31 1.70

.72 1.93 3.10 2.16 1.93 . 4.85 3.34

0
.41 1.03 3.78 2.35 1.56 5.09 2.71

.22 1.54 3.41 1.74 1.73 5.07 2.48

.11 .71 3.19 1.43 .84 5.00 2.16

.056 2.12 4.30 2.15 1.76 5.39 2.99

.029 2.52 3.01 2.36 2.33 5.17 2.46

.016 2.40 4.11 2.22 2.30 6.10 2.63

.010 1.69 3.71 1.69 3.24 5.46 3.74

0
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Table 31. Diversity index as a function of
exposure rate in sector 3 for selected

sampling dates.

exposure
rate sampling date

(R/hr) 4-69 6-69 9-69 4-70 6-70

650 .17      0       0       0       0

315 .92 .43      0       0       0

185 1.43 .45      0       0       0

115 1.17 1.05      0       0       0

68 1.09 .90 .50      0       0

45 1.61 1.72 .72 .72 .300 28 1.02 1.60 1.25 1.22 .43

18 2.41 1.94 1.64 .61 .50

12 1.53 2.40 2.78 .79 2.50

7.2 2.26 3.60 3.06 1.80 4.62

4.8 1.80 3.13 1.97 1.63 3.70

3.4 .81 2.66 1.11 .65 3.22

2.2 1.35 2.92 1.29 .99 4.63

1.3 1.27 2.93 1.02 1.43 5.43

.72 .84 3.21 1.78 1.32 5.79

.41 1.40 4.26 1.83 1.44 6.11

.22 1.24 3.20 1.56 1.04 5.39

.11 .98 3.06 1.10 1.01 4.53

.056 1.56 3.86 1.83 1.04 5.07

.029 1.93 3.32 2.29 1.47 6.42

.016 1.28 2.02 .74 1.04 3.65

.010 1.83 3.90 1.29 1.59 5.08
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Table 32. Diversity index as a function of exposure rate
in sector 4 for selected sampling dates.

                    exposurerate sampliqg date
(R/hr) 4-69 6-69 9-69 4-70 6-70 9-70

650 .46      0      .46      0 .99 .52

315 .79 .52 .82       1 0 2.53 .98

185 1.53 .88 1.48      0 2.54· 1.56

115 .72 .83 2.13 1.25 2.48 1.91

68 1.23 1.70 1.78 .75 2.62 1.70

45 1.43 3.18 2.56 .88 4.12 2.93

28 1.24 2.72 2.19 1.33 3,19 1.13

18 .74 2.55 2.46 .41 5.49 1.66

12 .71 2.85 1.43 .84 3.56 1.23

7.2 1 2.04 5.26 2.17 .88 4.86 2.69

4.8 1.90 3.55 1.50 1.60 4.98 2.13

3.4 .75 5.48 2.92 1.84 7.07 3.33

2.2         0 3.40 2.51 1.81 5.81 2.21

1.3 1.26 4.24 2.42 1.90 5.77 2.95

.72 1.65 3.13 1.72 .93 4.24 2.54

0
.41 1.00 3.10 1.04 .22 4.98 1.56

.22 .11 1.86 .54 .41 3.38 1.14

.11 1.35 2.94 1.04 .51 3.43 2.09

.056 1.12 2.79 2.11 1.14 5.09 2.55

.029 1.33 3.34 1.81 1.52 6.14 2.00

.016 1.10 2.98 1.73 1.93 5.65 2.39

.010 1.48 5.23 1.50 2.50 6,23 1.93

0
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Table 33. Diversity index as a function of
exposure rate in sector 5 for s6lected sampling
dates.

(f--11 exposure i

r---=/ rate sampling date

(R/hr) 7-69 9-69 4-70 6-70 9-70

650 5.51      0       0     2.33      0

315 5.75 .30      0       0      .79

185 5.38 .79 0 2.40 2.36

115 5.23 1.88 .30 3.36 2.44

68 4.07 2.05 .45 4.86 2.14

45 4.76 2.93 1.42 4.64 3.50

28 4.67 2.31 1.14    4.00 2.77

18 4.89 2.83 2.03 5.98 3.42

12 2.96 2.85 1.07 4.07 2.57

7.2 3.36 2.29 .91 5.26 2.78

4.8 3.28 1.74 1.10 4.93 2.60

3.4 3.51 2.16 1.42 5.25 3.09

2.2 3.68 1.59 1.01 5.11 2.56

1.3 3.66 1.61 1.29 4.34 2.65

,72 3.24 1.12 .97 4.10 2.380
.41 3.44 1.32 1.25 4.75 1.54

.22 4.46 1.56 1.03 5.14 1.93

.11 4.23 1.56 1.18 7.23 2.40

.056 3.59 1.42 .89 5.45 1.46

.029 3.04 1.56 1.30 4.21 1.78

.016 2.06 .64 .95 2.80 .22

.010 3.70 1.46 1.89 4.88 .84

0
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4  1
Table 34. Diversity index as a function
of exposure rate in sector 6 for selected

,

1 .1 sampling dates.
I t

\v . exposure
rate sampling date

(R/hr) 9-69 4-701 '6-70 .9-70

650 1.73 1.00      0       0

315 2.24 .97 .52      0

185 3.42 1.431  ; 1.5,2 .50

115 1.53 1.89 ,2.40 1.32
/

68 2.92 1.29 1.56 1.40

45 2.87 .99 14.72 2,95

28 1.90 .76 3.46 1.93

18 3.28 1.44 4.58 3.24

12 2.26 1.41 4.55 3.15

7.2 2.52 1.57 6.07 3.43
I.

4.8 3.08 1.74 5.59 2.95

3.4 1.34 · 1.04 3.38 2.16

2.2 1.8]. 1.59 2.82 2.28

1.3 2.59 2.16 6.94 3.71

r\ .72 .81 1.51 6.62 3.33

.41 1.26 .54 .6.25 2.23

.22 1.. 63 1.38 7.48 3.20

.11 1.88 .72 5.1]. 3.47

.056 1.83 1.33 6.16 1.80

.029 1.71 2.59 5.52 1.88

.016 1.96 2.01 3.50 1.10

.010 1.79 2.11 4.47 2.33

0




