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Enclosed is a preliminary draft copy of the major part

of the technical proposal for the cesium-137 contaminated
old-field. It will give you a general idea of the type
of investigations we are proposing for the site. The
portion that is missing is a more complete description

of soil resear:ix related to the behavior of the isotope
in the field.

The hazards report portion will come later.
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Continuation of Tield investigations in radiaticn ecology recuires
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-ccre enclosed areas with contaminated cesium-137, in
which radiation effects and radioisotope movement may te studied in mammals,

insects, and plants. This work relates <o over-all oo jectives ol dis-

covering and interpreting the consequences To natural ecological systens
of raGiocactive contamination in the environment, and will contribuve TO
Drogrems concerned with radil oact¢ve wa disposal fallout, and civil
defense. Ecgual emphasis will be given to the develcvmant of radiolsotode
technicues of value Tor studies in basic systems ecology.

N

zesearch will be a continuation of that performed on the radioactive

White Oak Lake ved (to ve inundated, in part, from Melton Hill Dam operationsg,

Put with three important advantages: (1) coatrol can be exercised over Tis
type, amount, and distribution of radiocisotope, (2) adequate uncontaminazied

control areas can be established adjacent to the contaminated ones, and
(3) many of the animal species will be isolated, thus preventing dilution

&
of the pcpulations by emigration and immigration. A radiation Tield oI

1C0 mF/‘P will be established in two S-acre areas and Tour 100 m~ plots Tarcu’.

addition of successive increments of cesium~137. Mammal-prool shest metal

fences will surround these contaminated areas and two uncontaminated >S-acre
2

areas and four 100 m~ control plots, and an antipersonnel fence will surroun

the entire area. The proposed site is a part of an area which has teen

under study Jor four years, and has been selected to provide Ifour 5-acre
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vlots of comparable edaphic and drainage factors.

Varmmal studies will emphasicze: (l} effects of chronic low-level ir-
radiztion on population growth rete and structure; (2) radiatioﬂ damage
to blood ard somatic chromosomes; (3) accumilation of cesium; and (L4) compar-
etive dosimetry. It will be necessary to study population parameters and
enviroamenzal factors concurrently so that the effects of these variables

can L& scpars

ed from the effecis of radlation. Native small memmals (cotton

cl

[
[¢]

Dire mice, and hervest mice) will be introduced into the pernned areas
cevarately or in combinatlions of species for a series of experiments.

couletlion growth rates and structures, blood picture, somatic chromosores,

L}

L O

I

ent radiation doses will be measured with techniques developed and prove
write Qak Ieke bed. Cesium-137 accunulation will be estimated through wrLole-
cody counting and seriali sacrifices, and will include parallel laboratory
studies. The duration of each field experiment will be goverrned by results

obtained during the systematic sampling; the projects listed above are expected

to reguire three to four years for completion.

Insect studies will include: (1) radiation effects oa population

[ )]
F

tructure and reproductive rates for major insect species; (2) measurement o

.l

nsect-plent Interactions in irradiated and control areas; (3) energy flow
throuzgh insect food chains in irradiated and control areas; (4) estimates
o radioisotope spread to adjacent areas by local movement of insect populatlon;

1
) 37

response Lo environmental variables. Techniques similar to those used on

and ( hors-term fluctuations in steady-state Cs concentrations in

]

\n

White Osk Iake bed will be employed, except where improved techniques for

vopulation estimates can ve substituted for box-trap and hand-picking methods.
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Laboratory techaiques for whole-body ccunting and maintenance under controllied
ervironmental conditions have Seen developed previously, as have respirat.on

and celorimetry technicues. Completion of the suggesved studies should reduiis
three summers
.Totanical studies will incliude uptake, distrivution, and seasonal

veriation of cesium-137 in the Torbs and zrass species, primarily as suzbort
data Tor the mammal and insect studies. Radiation erffwcts studies also are
oroiected. These may have to ve postponed until mamral and insect studies
enter long-term vnases or become completed, btut Iinal decisions will depend
on Tirst results from the animal studies.

Cesium movement in soil will also e measured, to investigate rates o

Cownward and lateral migration, entrance into ground water, and availapility

to plants. —>
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General. -- The task of radiation ecology is to discover and interprev
the ccunsequences of the release of radioactive materials into the environ-
ne magaitude of such releases may rarge from barely detectable
amounts of world-wide fallout to massive contamination resulting from nuclear
wars. Radiation ecolcgy must measure the radiation effects upon natural
biclozical systems and the rates of movement and spread of radioactive
suostances in a variety of biological systems and for a variety of types
and ievels of contcanination.

A corollary of ecual importance is the rneed to understand the ways in
wnich natural ecological systems are organized and function. Broad-scals
chenges in natural environments are veing effected rapidly in response <o

pressures from expanding human populations. Radiation ecology is making &

major

(¢

ontrivution To techniques, data, and interpretations for basic
ecological studies of natural envirounmental systems.

Research in contaminated or irradliated field areas has produced most

oI the information presently availsble in radiation ecology. Such areas
e R . - 1 . o
z2g <he ped of the former White Oak Iake and the new Cs 37—contam1nated Torest

at Ok Ridge National Iaboratory, the lockheed Reactor Site at Dawsonville,
50

Georgia, the Co field formerly at Zmory University, and the forest irradiation
crogram at 2rockheven National Laboratory have demonstrated repeatedly <he
productiveness of a combined field and laboratory approach. Phenomena observed
in ©ield sites lead to the creation of hypotheses which can be tested i con-
“rolled lavoratory or field experiments. In turn, the results of tests oftexn
provide new interpretations of field data, and permit conclusions to be extended

from srall areas to broad geographic regions.
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I'eed Tor a Contanminated Qld-rield Site. -- Further deve lopment of lines

of investization originating from studies on White 02k Iaske bed will re-
cuire contaminaved Tield sites at least surzerficially similar to the lske

tec¢. The operation of Melton Hill dam w21l inundate most of the lake bed

at certain periods, so that only limited types of studies can be continued
tnere. The value of an area such as White Ozk Iake bed has been amply
ceronevrated in publications and reporis by Qak Ridge lNational Leboratory
rerzornel and others. The lake bed has served at a prototype for field
gsTudles of radlonuclide accumlation by zamrmals aye and Dunaway, 1952),
Willard, 1980), insects (Crossley and Howden, 1G61), and native plasnts
(fverbach and Crossley, 1958). Current emphasis is being placed on radiation
effects (Dunaway and Kaye, in press; Plummer, 1660). These studies have

4

Tigured prominently In shaping current radiation ecology researc:

and elsewnere. It is essential that a similar contamirated area te providad.

The corntamirated old-field areas will De more than a replacement Tor
White Qak Take bed,>since the facility 1s designed Tor specific experimeni:z
2nd To allow modification as further exrerizentation becomes indicated. Con-
tamination with a sirngle isotope will relieve many of the difficulties
attendant in determining the radioactivity accumilated by the biota. The
uniform radiation field will ensure that an entire vopulation receives essentioll s
the same dose during a given period of time. The ianclusion of identical zuz
uncontaminated control areas will permit evaluations not vossible in Whizte o

Lalte bed studies. DPernaps the chief advantage of these areas will be thaz,

Tor the first Time, radiation effects and viocaccurulation of an isotope caxn

H)

be svudied in self-sustaining, isolated populatiorns o

many species withou:
Fod

the dilution of populations and gene pools resulting from emigration and irmiow:l.
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he contamirated old-field areas will complement the Cs 37-tagged forest
and the remaining portions of White Oak Lake bed, and thus be an essential
the programmatic develcpmert of radiation ecology at ORNL.

The ccntaminated old-Fielid

= glsc could serve as one of a series
of experimental areas to be used in (Civil Devense applications of radiation

ecology. “cological inTormation on simulated postnuclear atiacs environments

will

vecome essentlal as predictions of postettack conditions vecome more

sophisticezed. Such Information ccould be obtained from a series cor field

et

thicn blast, fire, and radiation might bve varigbles. -The

——rl

contaminated old-rield site could be one replicate as well as a source of

U

experience and methodology in the design of the additional areas.

CONSTRUCTION AND CONTAMINATICN OF AREAS

‘ — . 2 . .
ite. Zour 5S5-acre areas and eight 100 1 pens will be located on an

S o~ Lol A
coa-11¢e

d site in Melton Valley (Fig. 1). This site has been chosen becaus

[

previous studles Zave shown that it will suprort adequate populations of

t

anizals {Cunaway and Xaye, 1951) and will present few problems related to
contaminacion procedures. The Captina and Wolftever soils will fix cesiun
extrenely well, and a Zragipan 15 to 24 in. below ground surfeace limits the
dowaward movement or water. The drainage of “these areas 1s such that Tflooding

will Te no problem as it is on White QOak ILake bed.

‘ . . L = 2 A .
Construction Details. Each 3-acre area and 100 m~ pen will be enclosed

Witz a Tence made of sheet metal, exstending 13 in. into the ground and 3 It.
above ground. Topring each fence will be a saocker wire to prevent predators

Trom entering. A study of the semifossorial pine mouse (Microtus pinetorum)
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zround surface should vrevent a1l smell mammals from digging out or in. Fens

Sective in conzaining cotton rats (Sizmodon hispidus) and white-footed mice

.3...

(Te:oMVCChs lew co,vs) for several months. A set of two such perns on an

uncontaminated area is shown in Fig. 2. lMetal fence posts will be located

at <he intersection points of a 1l0-meter grid system To serve as polnts of

eld laboratory so that radiation exposure time of woriers
ithin permissible limits. Samples of blood and tissue will oe

field leboratory, and an ARMAC whole body counter will oe

for measurement of accumulation and elimination rates Tor the
Cs " in anirals. 3y using this Tield laboratory, a considerable savirg of
time will be effected and animals will not be unduly stressed by unnecessary
nerdling and transvortation. A road to the field laboratory and around e

Terced areas will facilitate movement of equipment and samples. An anciper

Tence will e erected around the areas.

Contamination Procedures. ~- After the mammal-proof fences have been
erected {(but with a zap left for entry of mobile equipment), the areas will

be Dlowed and sszeded with Tescue (Festuca). The fence posts will tThen Te zplacczd

mFal

water runoTd and movement of soil particles, the cesium-137 will be appliec

‘v lnererents until the desired radiation field of 100 mR/hr is atvained. The

. 8
“ence posts will serve as guide points Tfor uniform distribution of the iscwol:z.

I s anticipated that liguid spray machines will deliver & mixture ol ISciols
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&~
and water. The water would provide shielding ir the tank as well as serving
as a diluent. The isotopsz is to be applied zITer installation ol the Tences
so that the contamination will te confined or the study areas and so that
z the fences will not be exvosed unnecessarily to radiation.

N

It is expected that spot applications of Zsotore will have o te made Iin sucn

vlaces asg cornersz to oring the radiztion Tield up to the lOO—mR/hr level.
Te control areas will be treated in the same manner as “he exverimental

areas excest thnat the lsotope, of course, will note Tte opresent ln the spray.

(D

Exact cortenmlization procedures will depend 1n part on engineering an

Jesium~-137 iz the radioisotope of choice Tor the six follow

1. Toe 0.802-14eV gamma radiation is of sufTficient energy To sudply an

acdezuate radiatvion Tield and To perzit waole-body counts oI 1live

2. The 20-year physicel half-1ife will permit estavlishment oI

A

long-lasting and constent radiation Iields so that series of long-
term studies can be completed without the necessity of dis
The areas Dy periocdic reaprlication of radloisotopss.

-

enticon of cesium by trhe soill will ensure that decrease

)
t
Vi
¢
¢
} J
}_J
[
8]
ct
H
(D

in radiation levels will be extrerely slow and that escape of the
cesium from the areas will be correscondingly slow.

-

is readily accurmlataed by vlents and animals, Tous dermitiing

-
(@]
Q)
3]
o
b
]
-

o

estimates of food chain transTer ra

5. Cesium=-137 is relatively avundart 1r maay radioactive wastes and alter
ruclear explosions. Conseguently, d=tva on the movement and elfscts
of this radionuclide in the environrent will be of special imporIance.

O. wparisons of results will be vossitlie with White Oak ILaxe bed aic

the contaminated forest area.
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DESCRIPTION COF IESZARCH PROJECTS

The research dprojects described below are designed o te matually

curporsing wherever possible. Most of *the studies will proceed concuarrentliy,

ot

1148190

sitn lzboratory work and other field work being used to complement These
where necessary. Results from these projects in the next few years

icate the course of research for the succeeding years.

The objective of this project will be to determine the elfects
of low-level radiation on population characteristics of suit-
azble small-mawmal species subject to the siresses existing in a

“

natural environment. Most research concerned with radiation

effects has been oriented toward conseguences to laporatory or
domesticated marmals. Extrapolation of these data o free-ranging
vopulations interacting with the environment cannot be done
confidently without testing of hypotheses in fleld experimentis

because the effects of‘radiation on natural populations may be guite
different from the responses in confined mammals. Two major hypotieses
await testing: it may be that radiation effects are more severe in
wild mammals than in caged mammals because the demands IZmposed dy

environmental stresses may interfere with repair of the radiation

damage; on the other hand, wild mammals may be more radloresistany

1)

because physioclogical readiness induced by the environmental siressec

may result in faster repair of radiation damages.

A nother aspect to be considered is that subtle effects of Lovw-

level radistion on individuals may not be detected easily, but the
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Ior a particular specles, and data available from leborazor

<

cen be used with a reodicum oF error.

population paramesers. -- This project will delineate the ef?

-

2diation effecis on blocd and somatic chromoscomes in relation

o low-_evel radiztion wanifesiad in the peripiheral blood and soratic

chrorosomes in the sopulations of small mammals livins on th
e p]

radicactive areas. Other investigators have shown that a reduction

in leucocyses, principally lympunocytes, occurs at a dose rate

iy

M

-
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ew ITadsS e

,
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and 3rown, 1901).

aurber at 10 r/dey was found by Sanders (1952) ia the cotton

levcocytic values were noT significantly different at the chr
&

J

-~

¢}

~

in mice (Fenshaw, 1944) and rats (Krise, Robinsch,

tatistically significant reduction of erythrocyte

4~

FRe

dcses un to 20 rads/day, in contrast with the findings of others wizh

The albino lavoratory rat. Our preliminary studies with rats venncd

-

oz the Wnlte Oak Iake bed and receiving an average dose rate of

rads/day indicate thet R3S and WBC counts are lower than in %
venned on nonradiozctive areas (Dunaway et al., unvublished 4

It is apparent that the resulis of hematological studies of i

raciated laboravory mamnals cannot be applied directly to wil

remrals In a naturel environment. For instance, we found tha

4

|oF:

pos

a

T

<

{

-~

R
+

et

mBC count droprad sharply and the WBC count increased sharply in

cotvon rats released into the outside environmernt after beiﬁg
rn cages Trom birth to adult size (Dunaway et al, unpublished
Cur incomplete studies also indicate thaﬁ cell numbers change
relation To season., In short, ané understaﬁding of radiation

on the blocd of wild mammels will require that the effects ¢



148193

-—2 - 2 - - e A s - L3 o . — —_ L
57 other envirenmental Tactors ve acertalned. I hemaltopositilc

- -~ S -~ em AT e IS maet o= A ~
JLE cacg, 1T TAaYy 0 Toav metangoosh ik aollLuJ O Yeslst alsezce
ey TAe ~o A A Ty D N R SRR PR rentually <he woole
DL e LItallel Lo e arrecied nnm 2L8 ant eventually <ChLe WLole

B R PP 3 - P E= qma amer A o vyt = s PR S e A
SoLTinely 1T cne resulTs O our sTUlLEel Wi TAESE melTlods TaAlLs

warranl contiruance.

ioerrant sowatic chromosomes are srciuced at a dose as low as
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Z2.0 r and persist [or yesrs (Denlerl anl Gooca, 1661). It is well
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an individual. Somatic chromosoral damage will :

N

course, to the tissues affected. Crimary interest iv chromosomzl

averrations centers around the consegiences to natural porulations
exposed to stringent, and thersfore selective, envircnmmental facIor:s.
vesabolic disorders resultiag Frow coromosomal damage or minute
avrormalities that interfer:z with Tuncilons may not be serious in

z2ls in the egquable atmoszhere of the laboratory, but these Coi-

Gitions may nave serious conseguaences 1o
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will

“oitnelial tissues azd vlood from animals selected Irom the
zopulations will be culiured in vitro by technigues similar <o

ender and Gooch (1961).

treated with colchicine To accurmulate mevarias

ctazes, a aypotonic salt solution, rixed, stained,

f)

and scored for deletions, interchanges, and polyploidy.

cells are difficult to culture because of coznv

Trom bacteria and fungl on the skin, we have used tThils technigue

successluily To culture tissue from t [ L tton rats an
crone ¥ j T the ears of cotton rais ol

(Dunaway and Childs, unpablished data). The conirol

opuletions would supnly information to the incidence of such

i¢]

3 - -y = .
aperraTtlions 1n

unirradiated animals.

Alshough

tion of cesium-137 in relation to population parameters
and envircnmental Tactors. Uptake and elimination rates Zor cezliuw
will Te determined for the mammals on the radicactive areas. 2rev
o a 5 < o . ~ o A37 L
studies (Kaye and Dunaway, 1952) found accumulation of Cs o Te

Iree-rarging rats than could be predicted on the basis of

laboratory studies by others. It is important that this 4i

ce resolved. We rmust know the rates of uptake and eliminetion of
cesium and the tTime necessary to reach equilibrium in orcder <o e
P ) : o b : 3 l ] -
the contribution of the iIngested Cs to total dose. Estinates

the turnover and transno** of cesium by mammal populations alco

alliow the spread of cesium from contaminated

137

oredicticons of

f'ood consurption can be estimated by using the Cs in the foocd

the eZfects of population parameters suca as
structure and enviroameantel factors such

Tcod on radionuclide uptake and elimination ra
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view of our extremely satlisfacTtcry

s well as continuation of the studies carried out on White Cak Iake bed.
This latter research will take advantage of the higher radioilsotors concenirailonll
Tor grester precizion In tracer studies, and will extend the work Into reiine
ments waich were not rossible on the lake bed. The radiation effects ziudlics
2iso arz a secuential development of both field and laboratory investigatlions
o insect vopulations. Five research subprojects are anticipated, as Iollows:
1. Padizuion effects on population structure and %reproductive rates
Tor major insect species. -- The effects of continuous, low-lzve.
irredieTion on vovulations of insects are seldom the sudject of
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|

control
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sarmuieswill be scrsed
meansg zermit, ltabulations will bDe made, and re
abundances will be comrared with existing models of comrmnity
izations as well as veilween irradiated and control areas.
importance of This work lies in the possibilizty radiazion
the eavironment mignt disrupt the balance between producer
and consumer organisms. Despite their small size, insects afe
consumers of mejor importance; in agricultural situations they are
n's chiel competitor for food. Icological work is only beginninz
Lo Dprogress towards interpretation of the relationship betwee:
tne production of living material and the rate at which it is
consured. _This subzroject will bear directly on this ilmportant
WOTH.
2. MNeasuremenss of insect-plant *ﬁteractions in irradiated and control
areas. The associlation between insect species and plants rangeés
from a host-specific to a random one. Most plant-Teeding insectis
raniTest a degree of nhost preference, which can be manipulated
ecclogically. Comparisons between control and irradiasted porulaticns
oI Insects &as to their plant host responses may reveal changes
vhich are the ené results of ecological effects of irradiation. Thi:z
inTormation would help interpret the ecological cons ences ol sucn
scecialized assoc;a ions where resources are not acting s porulation
. In this subproject the variety of hosts attacked, reliative
Lost preferences, and selective feeding sites would be nmeasured
Differences between irradiated azd
clues as to possible lines of research

Tor the major insect species.
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pril 30, 1963

Tt Y. ie Auersacn

e

“romse Lo e DPZAN

“uoject: Conraminaiza Jid-field Proposal

i was very muca interested in this sroposal and believe you have presenied it
on a sound aasis. | would like to call your attention ts several minor zorrec-
tions waici shoulu ve made 3n the final draft as follows,

s pages |, 7 and 3, you have referred to a radiation field of 100 mR per hour.
“ais, of course, has no meaniny unless the value is stated at a given zlevatis:a,
.1 failout studies in e neighbornoad of weapons detonation, when the heigat
is not stated it is normally assumed 19 be ithree feet above the ground. In this
case, nowever, | assume you are referring to a reading closer to the ground,
sarnaps one oot of six inches.  Tne should, of course, avoid stating the dos:
rate in contact with the ground because, as the distance approaches zero, thic
leads fo an indeterminate, both in theory and in measurement. Therefore, |
suggest you give the radiation field as 100 mR per hour at the certain heignt.

“n page 3, ifem |, ! think it would be well to emphasize that the use of this
Aign znergy 0, CEZ iev samma is desirable because the dose rate is not quit:
53 eritical with denth of senetration of the radionuclide into the soil. | 2
sending you a copy >f Chapter >\ which discusses some of the problems of
caleulating dose from a large area and from a large volume., The great
uncertainty in the calculation of dose is, of course, due to lack of knowledsze
¢ the oattern of distribution in depth f the radionuclide in the soil but this
is iess critical for high energy radiation.

2n page 15, vou stare inat these glass dosimeters are dose independent, |
oresune Sy tais you mean 1o state that they give a true reading of dose over a
vary wide range of integrared dose and pernaps the lower limit is determinead
2y the inaccuracies >f reading isw dases. The statement would be more useful
i vou could state tais rannz of usefulness,  Other important perimeters »f suci
maters are relarad to dose rate independence and energy independence. Jy
this we ean, >f course, that the infenrated dose frem the meter would e, for
axarnie, 100 & whoether it wos exposad at a 100 R per hour for one hour or & .

1148208
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S. 1. Auverbach -2~ April 30, 1963

ser nour for 100 hours. 3y energy independence, we mean that the readings in
absoroed dose {or rads) represent a response characteristic of ergs per gram in
tissue irregardless of the energy of the radiation. Another important charac-
teristic of the response of such meters would be their abillty to record the frue
dose from Seta radiation and from mixtures of veta and gamma radiation. |

am not an expert on these instruments but suggest you check with John Auxier
or someone to get this data. For small animals especially, the surface beta
dose could be quite important, Likewise, for large animals the fractizn »f

the dose from veta radiation mignt give an overestimate of the significont
2Xposure,

dage 18, line ¥, remove the words "and with” which are repeated.

>n page [, and perhaps in other oarts of the report, you use "W3C" and
“28CY followed by the word "count, " Isn't this a redundancy ? | thoughit
" 3C and (5T referred to white blood count and red blood count.

Sincerely,

\Original Signed By
K. Z. MORGAN

Larl Z. Morgan
K. iie

Zactosure

cc: £. 3. Jtruxness

1148209
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INTRA-LABORATORY CORRESPONDENCE

OAK RIDGE NATIONAL LABORATORY

May 1, 1963

To: Distribution

Re: Cesium Contaminated 0ld Field PFroposal

Enclosed is a draft copy of the soil description of
the proposed cesium contaminated area prepared by
H. D. Waller. Please include this with your draft
copy of the over-all proposal.

SIA:cg
Distribution

T. J. Burnett
D.A. Crossley

P. B. Dunavay

W. H. Loongaker
K. Z. Morgan

F. L. Parker (3)
E. G. Struxness
H.D. Waller
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DRAFT

PRELIMINARY SOIL DESCRIPTION OF THE CESIUM-137 FIELD STUDY AREA
GENERAL DESCRIPTION OF THE AREA

The study area is underlain by terrace soils. These soils have
developed in Clinch River sediments primarily derived from limestone ma-
terial with a lesser portion coming from a mixture of sedimentary rock
(sandstone and shales). This area is dominated by two soil series, the
Captina series and the Wolftever series.

The Captina series (Ultisol Fragochrult) (1) consist of moderately well
drained red-yelloﬁ podzolic soils with fragipans. These solls have devel-
oped on stream terraces in landscapes which are derived primarily from
limestone materials. Captina soils are closely associated with the well
drained Cumberland, Etowah, and Elk soils; the moderately-well drained
Wolftever soils and the more poorly drained Taft and Robertsvilie soils.
Their fragipans énd mottling in the lower subsoils differentiaste them from
the ElX and Wolftever soils; and they are browner and lack the mottling in
the upper subsoils that characterizes the Taft series. Captina soils occur
along many of the larger streams throughout the mid-South and mid-Eastern
Atlantic states of Kentuéky, Tennessee, Northern Alabama, Maryland, West
Virginia, Pennsylvania, Virginia, Missouri, North West Geérgia, and
Arkansas. (2)

The Wolftever series (Ultisol Umbrictypochrult) (1) consists of well-
drained to moderately well drained fed-yellow podzolic soils with compact
lower subsoils. These soils have developed on low stream terraces which
are derived from a variety of rock; however, limestone derived materials

are generally dominant. The Wolftever soils occupy low stream terraces

148211



in close geographic association with the Huntington, Etowah, and Sequatchie
soils. They have more distinct horizons, are lighter colored, more acid,
much more compact and less well drained than the Huntington and Stasser

soils of the first bottom lands, and they are younger, more compact, usually
finer textured than Etowah soils of the stream terraces. The Wolftever soils
occupy positions similar to Sequatchie soils, but are differentiated from the
Segquatchie soils by lighter color, finer texture and compact subsoil layer.
Wolftever soils occur in limited acreage along the larger flood areas in
Tennessee, Kenﬁucky, Northern Alabama, and Northwest Georgia.

The Captina series occupies the central portion of the study area that
is gently sloping to rolling with slopes ranging from 3 to 6%. Captina silt
loam is the dominant soil type. Thickness of the alluvial deposit is esti-
mated to be greater than 20 feet. The total thickness of the solum ranges
from about 30 to_5O inches and depth to the fragipan from 18 to‘28 inches.
Permeability to air, water, and roots is limited by the fragipan layer.
Surface runoff is slow to medium (3).

The lower landscape on the east and west end of the study area is oc-
cupied by the Wolftever series, which is finer textured than the soils on
the higher landscape. These soils have a compact, fine textured, mottled
layer occurring 20 to 24 inches below the surface. Although a cemented
fragipan does not exist in these soils, the effect of this compact layer
on movement of air and water is similar. Dominant soil type is Wolftever
silt loam which occurs on nearly level to gently sloping low stream terraces.
Slope gradient varies from 2 to 4% and thickness of the alluvial deposit is

greater than 15 feet.

148212 -
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There are a few isolated seepage areas at the base of the higher
landscape that make up an estimated 3 to 5% of the total area. Soils
occurring in these areas are less well drained than either of the above
soils. They are similar to the Taft soils. These seeps or wet areas are
probably caused by lateral movement of water along the upper surface of
the fragipan layer of the Captina soils during periods of heavy rainfall.

Surface erosion and consequent movement of 03137 will be a factor
in shifting of the open field radiation dose and also a factor in the
hazards evaluation. The estimated surface erosion can be calculated by
using the soil loés estimate equation developed for Tennessee conditions
by the Agriculture Research Service, Soil Conservation Service, and The

University of Tennessee (k).

A = R'K-LS-C-P (1)
where
A - (amount of surface erosion in tons per acre per year) is a

product of the following factors:

R - (rainfall - erosion index factor for Roane County)

K - (soil erodibility factor for soil series in question)
LS - (soil-loss ratio for length and degree of slope in question)
C - (cropping - management factors for cropping system used)

P - (conservation practice values used).

If the most extreme slope occurring in the study area is'considered for
the equation, one obtains the maximum erosion hazards, which is calcu-

lated as follows:

A = R-K-1S°C-P = tons per acre per year (2)

1tug213 -



Where
R = 210 (rainfall erosion index value for Roane County)
K = 0.42 (soil erodibility factor for Captina silt loam) g
LS = 0.70 (soil-loss ratio for 6% slope 100 feet long)
C = .009 (meadow renovated every 6 years)
P = 1.0 (no conservation practices such as terracing or contour
tillage anticipated)
Then
A = (210)(0.42)(0.70) (.009)(1.0)
A = .79 tons per acre per year.

After this study area has a complete vegetative cover of fescue grass,

the soil loss estimate equation suggests that surface erosion will be con-

trolled within satisfactory limits. If the most extreme slope is considered
for the equation, one obtains .79 tons per acre per year of top ;oil removed
by erosion. Thié estimate includes soil loss that occurs during the seed
bed preparation, séeding, period reguired for establishment of vegetative
cover, and renovation every six years. Since an estimated 90% or more of
the surface erosion occurs during seed bed preparations and during the period
required for establishment of vegetative cover, this estimate is considered
to be too high for the particular situation being proposed--establishment

of a good vegetative cover before the radionuclide is applied. Therefore,

a factor should be introduced to reduce the calculated amount by 90% to
arrive at a more realistic number. If this factor is used to modify the

equation one obtains .08 tons per acre per year of top soil removed on the

steeper slopes. These slopes occupy less than 20% of the total land area.

Specific soil profile descriptions in Attachments A and B.

g2l -
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PRELTIMINARY SOIL DESCRIPTION OF THE CESIUM-137 FIELD STUDY AREA
GENERAL DESCRIPTION OF THE AREA

The study area is underlain by terrace soils. These soils have
developed in Clinch River sediments primarily derived from limestone ma-
terial with a lesser portion coming from a mixture of other rocks
(sandstone and shales). This area is dominated by two soil series, the
Captina series and the Wolftever series.

The Captina series (Ultisol Fragochrult) (1) consist of moderately well
drained red-yellow podzolic soils with fragipans. These soils have devel-_
oped on stream terraces in landscapes which are derived primarily from
limestone materials. Captina soils are closely associated with the well
drained Cumberland, Etowah, and Elk soils; the moderately-well drained
Wolftever soils and the more poorly drained Taft and Rdbertsvillé soils.
Their fragipans and mottling in the lower subsoils differentiate them from
the Elk and Wolftever soils; and they are browner and lack the mottling in
the upper subsoils that characterizes the Taft series. Captina solls occur
along many of the larger streams throughout the mid-South and mid-Eastern
Atlantic states of Kentucky, Tennessee, Northern Alabama, Maryland, West
Virginia, Pennsylvania, Virginia, Missouri, North West Georgia, and
Arkansas. (2)

The Wolftever series (Ultisol Umbrictypochrult) (1) consists of well-
drained to moderately well drained red-yellow podzolic soils with compact
lower subsoils. These soils have developed on low stream ter?aces which

are dérived from a variety of rock; however, limestone derived materials

are generally dominant. The Wolftever solls occupy low stream terraces

r1rugzig

™M



2

in close geographic association with the Huntington, Etowah, and Sequatchie
soils. They have more distinct horizons, are lighter colored, more acid,
mach more compact and less well drained than the Huntington and Stasser

soils of the first bottom lands, and they are younger, more compact, usually
finer textured than Etowah soils of the stream terraces. The Wolftever soils
occupy positions similar to Sequatchie soils, but are differentiated from the
Seguatchie soils by lighter color, finer texture and compact subsoil layer.
Wolftever soils occur in limited acreage along the larger flood areas in
Tennessee, Kentucky, Northern Alabama, and Northwest Georgia.

The Captina series occupies the central portion of the study area that
is gently sloping to rolling with slopes ranging from 3 to 6%. Captina silt
loam is the dominant soil type. Thickness of the alluvial deposit is esti-
mated to be greater than 20 feet. The total thickness of the solum ranges
from sbout 30 to 50 inches and depth to the fragipan from 18 to 28 inches.
Permeability to air, water, and roots is limited by the frsgipan layer.
Surface runoff is slow to medium (3).

The lower landscape on the east and west end of the study area is oc-
cupied by the Wolftever series, which is finer textured than the soils on
the\pigher landscape. These soils have a compact, fine textured, mottled
layer occurring 20 to 24 inches belowlthe surface. Although a cemented
fragipan does not exist in these soils, the effect of this compact layer
on movement of air and water is similar. Dominant soil type is Wolftever
silt loam which occurs on nearly level to gently sloping low stream terraces.
Sl6be gradient varies from 2 to h% and thickness of the alluvial deposit is

. greater than 15 feet.
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There are a few isolated seepage areas at the base of the higher
landscape that make up an estimated 3 to 5% of the total area. Soils
occurring in these areas are less well drained than either of the above
soils. They are similar to the Taft soils. These seeps or wet areas are
probably caused by lateral movement of water along the upper surface of
the fraipan layer of the Captina soils during periods of heavy rainfall.

37

Surface erosion and consequent movement of Csl will be a factor in
shifting of the open field radiation dose apd also & factor in the hazards
evaluation. The estimated surface erosion can be calculated by using the
soil loss estimate equation developed for Tennessee conditions by the

Agriculture Research Service, Soil Conservation Service, and The University

of Tennessee (4).
A = R-K-LS'C-P (1)

where
A - (amount of surface erosion in tons per acre per year) is a pro-
duct of the following factors:
R - (rainfall - erosion index factor for Roane County) is the
local annual value of the rainfall erosion index (EI).

EI value/year.

The rainfall-erosion index is a numerical evaluation of
the capacity of a specific rainfall pattern to erode soil
from unprotected fields. Individual-storm soil losses
from tilled fallow plots from 70 to 90 feet are linearly

correlated with erosion-index (EI) values of the storms.
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L
The EI value of a storm is the product of its rainfall
energy (in hundreds of foot-tons per acre) and its maximum
30 minute intensity. The rainfell-erosion index for a
given year is the sum of the EI values computed for the

individual storms.

The rate of soil loss per EI unit varies with soil and slope

characteristics.

Y

K - (erodibility factor or K value of a specific soil) is the

IS -

soil loss in tons per acre per EI unit of a fallow soil

on a 9% slope that is 72.6 feet in length.

The basic soil loss in the equation is expressed by the
product of the R and K factors. The other factors (LSCP)
are relative values to correct for specific conditions and

are obtained from specific tables and charts in Ref. L.

Therefore A = (R‘K):(modifying factors, -1S,C,P)
= EI value/year x tons per acre/EI value (L.8:CP)
Since EI value is some numerical value x
A = (x tons per acre per year)-(LSCP)

Soil-loss ratio for length and degree of slope in question.

C - (cropping-management factor) a numerical evaluation of the

combined effects of cover, management, prior land use, and
distribution of erosion potential relative to planting and

harvesting dates.
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P - (conservation‘practice factor) the effective value of man-
made structures or conservation practices on reducing the

erosion potential.

If the most extreme slope occurring in the study area is considered for
the equation, one obtains the maximum erosion hazards, which 1s calculated

as follows:

A = RK.1S.C-P = tons per acre per year (2)
where
R = (rainfall erosion index value for Roane County) = 210 EIunits/year,
K = (soil erodibility factor for Captina silt loam) = 0.42 tons/acre/
EI unit,
1S = (soil-loss ratio for 6% slope 100 feet long) = 0.70, F.
C = (cropping management factor which is - meadow renovated
every 6 years) = .009
P = (no conservation practice such as terracing or contour
tillage anticipated) = 1.0
(The above factorial values are obtained from handbook‘on
Soil-Ioss Estimating in Tennessee, Reference No. 4):
R value - Table 1 and Figure 1
- K value - Table 2
IS value - Figure 2
C value - Table 6
P value - Table 7
th;n
A = (210 EI units/year)(0.42 tons/acre/EI unit)(0.70)(.009)(1.0)
A = .556 tons per acre per year.

This estimate Includes soil loss that occurs during the seed bed preparation,
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seeding, period required for establishment of vegetative cover, and renovation
every six years. Since an estimated 90% or more of the surface erosion
occurs during seed bed preparation and during the period required for es-
tablishment of vegetative cover, this estimate is considered to be too
high for the particular situation being proposed--establishment of a good
vegetative cover before the radionuclide is‘applied. Thérefore, vegetative
cover factor (V) should be introduced into the equation, which may be gal-

culated as follows:

A = R'K'IS*C-P-V = tons per acre ﬁer year

where
R = 210 EI units/year
K = 0.42 tons per acre per EI unit
LS = 0.70 soil loss ratio
C = .009 crop-management factor
P = 1.0 conservation practice factof
V = 0.10 vegetation factor
then
A = (210)(0.42)(0.70)(0.009)(1.0)(0.10)
A = .056 tons per acre per year.

After this study area has a complete vegetative cover of grass (Festuca),

the soil loss estimate equation suggests that surface erosion will be controlled
within satisfactory limits. If the most extreme slope is considered for the
equation, one obtains .056 tons per acre per year. This is well below the

annugl soil loss tolerance of 3a tons per acre per year which is a eriterion

& Soil Loss Tolerance from Table 2 of Soil loss Estimating in Tennessee,
Reference No. L.
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used to maintain sustained economic production for agriculture usage.

Specific soll profile descriptions in Attachments A and B.
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ATTACHMENT A

DESCRIPTION OF SPECIFIC PROFILES

CAPTINA SERIES

This soil profile was taken on the crest of the higher landscape.

Slope gradient was 3 to 5%.

Vegetation dominantly sedge grass.

SOIL PROFILE: Captina silt loam

A 0-8 inch

D ' nches
B, 8-14 inches
B, 14-19 inches
B3ml 19-30 inches

B . 30-40 inches +

3m2

Derk grayish brown (10 YR 4/2) silt loam, weak -
fine granular structure; consistency-friable;
medium acid.

Light yellowish brown (10 YR 6/4) silt loam
with few faint mottles; weak, medium subangular
blocky structure; consistency - friable;
strongly acid.

Brownish yellow (10 YR 6/6) silt loam; moderate
to weak medium subangular blocky structure; con-
sistency - friable; strongly acid.

Very pale brown (10 YR 6/8) coarse silt loam
mottled with pale yellow (7.5 YR 8/k4) and
brownish-yellow (10 YR 6/6). Compact, massive
or very coarse platy structure; consistency-
friable when moist and firm when dry. Abundant
soft brown and black concretions which are
probably iron and manganese concretions.

Dominantly lighter colored than above layer,
with coarse fragments throughout and more
compact.

On April 26, 1962, when profile was taken, perched water table located at

36 inches.
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ATTACHMENT B

WOLFTEVER SERIES

This low-terrace soil is located on the lower landscape on the east
and west end of the study area. Slope gradients are generally less than
3%. Vegetation is more varied than on the Captina series, however, sedge
grass, honeysuckle, and blackberry briars are probably the most dominant

types of vegetation. Profile was taken on east side of the study area.

SOIL PROFILE: Wolftever silt loam .

A 0-7 inches Brown (10 YR 5/3) silt loam with few faint
discolorations; moderate coarse granular
structure; consistency - friable.

1 T-12 inches Strong brown to brown (7.5 YR 5/6-5/4) silty
clay loam; moderate medium subangular blocky
structure; consistency - friable.

o 12-24 inches Yellowish brown (10+YR 5/4) fine silty clay
- loam or silty clay; moderate, medium subangular
blocky structure; firm and compact when moist
slightly plastic and sticky when wet. Many
dark colored manganese concretions present
throughout the layer.

By 24~34 inches + Yellowish brown (10 YR 5/4) coarse, silty
' clay loam mottled with pale yellow (2.5 YR
7/4) and yellow (2.5 YR 8/8); few manganese
concretions and dark stains throughout the
layer; moderate, medium angular blocky structure;
very dense layer that is hard when dry and firm
and compact when moist.

On April 26, 1962, when profile was taken perched water table located at

34 inches.

NOTE: (1) Terms used are those suggested by Soil Survey Manual, U.S.D.A.
Handbook No. 18, 1951.

(2) Color notations are according to the Munsell Color Book.
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