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KALARTA CONTROL ENGINGERING

ON THE PICKWICK RESERVOIR

INTRODUCTICN

During the past ysar in en ares extending south of a line between
Norfolk, Virginie and St. Louis, Missouri, it has been estimated that
about 10,000 deaths and staggering economioc losses were caused hy me~
laria fever.

Although some of the secrets of this mosguito-borne disease
have been reveeled four deceades ago, malaria stlll remains sm umyield-
ing problem to health organizations responsible for the plemning and
directing ef control measures.

The influence of impounded waters on the production of the ma-

laria vector in the Southeasterm United States, Anopheles quadrimacu-

latus, was observed by the United States Public Health Service in
Al ebema in 1913. Their reports gave rise to the state regulations
governing the preparation and maintenance of artificially impounded
waters, Since the recent inauguration of river devselopment projects
on the various streams in the so-called "malariae belt" of our country,
maleria control methods on impounded waters have been of increasing
consern to the heslth workers of the South.

The generel consensus of opinion indicates that the most ef-
feotive procedure for the conbrol of maleria in this country is in
eradication of the mosquito responsible for the transmission of the

disesse. Mosquito eredication is in every sense an engineering problem



requiring en analysis of the problem, plarning and execution es in the
construction and maintenance of any engineering strucbure. Mosquito
ocontrol on impounded watsrs must be constructed into the dam design and
requires & careful progrem of reservoir preparstion or conditioning of
the body of water so that the shoreline will not encourage the produc-
tion of the malaria vector. The shoreline preparation together with
with planned water level variastions is called "biological control" of
mosguito breedinge.

In planning end executing the complex progrem of malaria con-
trol on the impoundages of the Temnesses Valley Aunthority, the Director
of Health hes assembled a staff consisting of a maslariologist, a bi-
ologist, sanitery engineers, entomologists, aquatic botenists, and en
airplene dusting pilote In addition, the services of a geologist,
chemist, bio-chemist, boat designers, emd hydraulic engineers are re-
quired for certain problems. For guidence in planning the research
program of the Tennessee Valley Authority, there is seleoted & board of
consultents made up of several men having broed and diversified experi-
ence in malarig and in the control of malaria, who review the work at
intermls,;:)resenthsg helpful suggestions and criticisms.

It will be the purpose of this paper to discuss in detail only
the engineering aspect of the melaria control practices employed by the

Authority on the Pickwick Landing Reservoir.

IMPOUNDETY WATER REGULATIONS

Basically, all of the southern states! regulatious governing im-
pounded water have the same objective in mind, the objeotive of a clesn
water's surface obtained principally through the removal of timber eand

drainage of depressions in the zone of water level varietion.



The TFiclwrick Reservoir was cleared aocordinz to the Alabama State

Boerd of Tealth Regulations, with some few approved modificstions.

CLIZARTIG AWD DRATYLGE

Preliminary Work

The Fickwick Landing Froject was authorized by the Tenmnessse
Yelley Authority Board of Directors on November 19, 1934, The dem is lo-
ocated 52.7 miles downstresm from Wilson Desm and impounds a reservoir
having L96.3 miles of shoreline, affecting Herdin County, Temnessee,
Tishomingo County, Mississippl, end Lauderdale and Colbert Counties,
Algbame. The operation levels of the reservoir are as follows:

Maximm design flood Ele 430t MGL
Controlled surcharge El. 418!
¥aleria Surcharge
Upper Limit El. L1t
Lower Limit El. LO9!
Minimin El. Lo8t

The topography of the reservoir in the lower two-thirds may be
considered as upland or precipitous terrain, while the upper thrid con-
sists chiefly of flat or gently rolling lowlends. The stesp shoreline
of the reservoir affords very little problem, while the upper shallow
reaches of the reservoir presents a more difficult situation.

In the summer of 1935, reservoir preparation studies were in~
itiated in the Pickwick area by the Sanitetion Section of the Health and
Safety Department of the Tennessee Vallsy Authority. A field reoomsis-~
sance consisting of surveying end rscording in the field the character
of the growths, topography, nstural dreinage, soil formations, wind di-

rootions on the proposed reservoir wes made prior to preparation of



clearing specifications. The informetion from the field studies, along
with other date and reports, was incorporated into the clearing end
drainage specifications which ere given as follows:

CLEARING

(A) In all of the reservoir, its branches, bights, end inden~
tations, as defined by the LiL' contour, ell trees, brush, and
logs or other materiel which might floet when water is impounded
are to be removed or disposed of by burming, excepting certain
areas to be left forr experimentsl observations and cortain trees
proposed for leaving along the shoreline, hereafter described,

Brushing is to extend lendward a distance of ten feet beyond
the LUt contour as measured along the slops of the ground, ex-
copting situations horsafter described. All dead trees or
those leening so that the liwbs hang down to the Lt contour
are to be removed. This shall inolude the removal of logs,
drift, end debris found lying in the ten-foot zone beyond the
Lit contour. Felled trees, logs, limbs, eto., are not to be
disposed of by piling outside of the ten-foot zone., Such
material will be disposed of by burning elong with the regular
operationse It shall be the practice in clearing areas be~
tween the 1110 contour and the L1l contour to cut trees as near
to the ground aes is practiceble. This will apply perticularly
to willow trees.

(B) On practically sheer cliffs the clearing may be stopped
et the 41* contour and only the brush and tress removed be-
yond this point which would hang down and touch the water at
elevation L1yte Any shoreline may be placed in this clessifi-
cation where workmen cennot find sdequate purchase for working
safelya.

(¢) A1l clearing may be stopped along the margins of the
Termessee River and Bear Creek where the LlUit contour inter-
sects the average summer time water elevations

(D) On all the shoreline exposed to the main body of the lake
and of a soil likely to be eroded by wave action, removal of
trees and brush is to be extended six to twelve feet horizontally
beyond the high water line, comtour LlLte The roots of stumps
in the oleared area which do not have a good purchase in the
ground and would therefore quickly enter the reservoir as & re=-
sult of soil erosion from wave action shall be pulled up where
it is convenient to reach them by machine or other operations.
Disposal shall be effected by burning. Specification under
Section A providing for brushing, etc., in thse 10t zone shall
be considered complied with after applicatlion of the sectione.



The extent and loceation of marginal clearing on the shorsline
where erosion from wave action is antioipeted shall be set out
by the Health and Sanitation Section representative, following
field inspection of the individual areas,

(E) Bights or indentstions exposed to the main body of the
leke which are likely to colleet drift and flotage shall Dbes
cleared back at the heads for a distance of 15 feet from contour
Llyt, where space does not alrsady exist, for piling removed
drifte.

(F) After impoundage, a mmber of narrow exposed islands will
be formed in the reservoir. It is proposed that these be
cleared completely.

(G) On the upper reaches of the Tennessee River, Bear Creek,
end smaller creeks and tributary sloughs, where the L1t ocon-
tour is confined to the banks of the streams, the following
provisions are to apply:

(1) That all the regular cleering specifications for
the removal of timber be epplied below the 413! oon-
tour, except:

(2) Sound young, (well-foliaged for the purpose
of providing shede) cypress trees above the
Logt contour shall be left where they are not
more than a six-foot horizontal distance from
the L1t contoure.

(b) Sound young (well-foliaged for the purpose
of providing shade) tupelo gum trees above the
K11 contour shall be left where they are not
more than a six-foot horizontal distance from
the 4131 contour,

(2) Above the 113! contour for a disteance of ten feet
beyond the Llir contour, as measured on the slope of
the ground, all underbrush end trees less than four
inches in diemeter are to be removed, except that:

(a) Willow trees in the tem-foot strip extending
inland from the 4lit contour shall be trimmed up
and left standinge By trimming up is meant the
removal of low branches, undergrowth, and bushes,
including the thinning out of thick groves of
willows and other trees desirsble to bs left and
mentioned below. Box elder and hewthorne are not
desirable and should be removed wherever en-
countered in the ten-foot zome.



{b) It is particularly desirsble to leave a stand
of the smaller trees in open areas where large
trees are not encountered, The prinocipal trees
degired to be lef%t ere cypress, tupelo gum, willow,
sycamore, mzple, swest-gum, iron wood, ogks,
cottonwod, and hackberry.

(c) Brush and log piles should be located in
naturel openings as far as practicable, in order
thet burning operatioms shall cause as little
deameige oS possible to trees which are left standing.

(8) River 1emi tress stending on the 413* con-
tour or above whers the root system has been
partly exposed by bank erosion, should be left
standing if the trees are healthy and the roots
sesm to have a good purchase in the banka.

(e) 1In necks end indentations off the banks of
the streams, where these modifications are in-
tended to be applied, if the distance between
the 413t and L1t contour is greater than a
horizontel distance of ten feet, the brushing
end other operations described ebove shall ex-
tend to the LUyt sontour eand for a distemce of
10 beyond.

() In the flat areas on Seven Mile Island and the flood plein
of the River immediately to the north, complete clearing is to
extend to the 413t contour, excepting the cypress in Colliert's
Slough which are to be left as an experiment, and certain other
cypress and tupelo gum trees covered in another seetion. Brush-
ing is to be carried out between the L13t and LIt conbour, and
for a distance of ten feet beyond es measured along the slope
of the ground. The brushing shall include removal of dead or
wunsound trees, logs, limbs, other debris, etes Disposal shall
be by piling and burning in naturael opemingsa.

In certain of the most heavily wooded sections it may be neces-
sary to clesr bsnks to facilitate boat operstions. It is under~
stood that these will be located by subsequent field ingpections.

EXFERIVENTAL AREAS

(A) There is s cypress slough located on the north shore of the
reservolr below Florence, This slough is approximately five
miles long with a width verying from 100 to 600 fest. The ele~
vation of the ground veries from LO9t to 413t. Is is proposed
to brush and clear this asres, leaving only sound young cypress.

(B) In the vicinity of the above slough, and on Yellow Creek
(Mississippi) due north of the present crossing of Highwey:25,



are extensive shallow flat aress which are most certain to
prove difficult end expensive for mosquito conbtrol on asscount of
equatic growth. After olearing, it is proposed to plant certain
of these ereas, not exceeding thirty acres, to cypress end gum
tree seedlinge. The areas will be located betwsen contours 411t
and L1161,

DRAINAGE

All depressions which may become filled at times of maximm
waterlevel and form iscleted pools when the water is lowered
shall be comected with the mein body of the lake. For the
purpese of mosquito control this work need eumbrace only drain-
age between the L,10* and L1t contours.

TNTERPRETATIONS AND DISCUSSION

(A) This section provides for clearing the reservoir to the
Lir contour and brushing for a landward distamce of ten feet
beyond, excepting certain shoreline where modification eppsears
desirable.

(1) In the interest of eocoromy and the conservation

of shade elong the shoreline, it might appear that
¢learing should extend only to the 413' contour in all

of the reservoir. However, along most of the shoreline,
particularly in the lower part of the reservoir, pine
trees and other uplend growth are found in greet sbundence.
Such growth is readily killed by continual submergence

of the root system. Dead trees at and near the water

line are not desireble, hence the provision for oclsaring
to the L' contours

(2) The removal of brush, dead and leaning trees end
fellen trees and brenches from the ten-foot zome border-
ing the L1t contour is considered desirable in mini-
mizing cost of removing such materiel which might enter
the reservoir after water is impounded, For the same
reasor no brush or logs should be piled and left ebove
the contour. Stumps extending an excessive distance
gbove the gréound in shellow areas near the contour
offer an obstacle to boat operations. They should, there~
fore, be out as low aB practicable. It is felt that the
limits can be set by the Reservoir Cleerance Division
in the field,

The clearing end burming operations should be carried
out in such a manner as to limit injury to the trees
which are' left standing, as is consistent with economical
clearing operations. While the provisions for burning
are subject to field interpretation and adjustment to
suit locel conditions, it is expected that the clearing
forces will make ewery effort to dispose of brush emd
logs without injury to trees which are left.



(3) In the case of wilillow, it is felt that the closer
the trees are cut to the ground the greater the chance
of the stump being killed by submergence when the water
is lmpounded.

(B) It is felt that clearing operations mey be safely stopped at
the L1 foot contour on sheer oliffs or other precipitous shore-
line where workmen would find difficulty in carrying out the
operations. There will not be much of this type shoreline and
in most cases 1t will be oper and exposed to wave asction.

(¢c) In explemetion of Section C, statement is made thet mos-
quito production does not normelly ocour alorg the banks of

Bear Creek under natural conditions. Impoundage would mot change
this condition above the point where the L1L' contour intersects
the normal summer time elevation of the stresm. No trestment
ebove these points would, therefore, appeer necessary.

(D) Observations have been made on other reservoirs, particulerly
Lake Wilson, that wave action will result in soil erosion on
steep banks of loose soll exposed to a considerable expense of
watere, This appears to occur regardless of whether or not the
shore is wooded. Sections of the shoreline on Pickwick mey be
expected to erode from wave sction. If trees are left standing
along the shoreline in these sections, they will in time be
weshed into the lakee. Section D provides for removal of trees
back six to twelve feet from the El).;' contour as the reservoir is
being cleared to forestall the removal after water has been
impou:nded.

(E) Note has been made on other reservoirs that the greatest ac-
cumulation of flotage brought down by the streams occurs in
shallow bights end indentations along the mein body of the reser-
volr, Very often removal of this flotage is essential to mos-
quito control. Present methods of removel consist of piling the
floating materiel et the head of the bight or indentation.
Section E provides a cleared space at the heads of the indenta-
tions for piling acocumulated meterial.

(F) Impoundage of the Pickwick Reservoir will result in a number
of smell narrow iglands in the main body of the lske. They ere
composed of a silt formation end in most instances will be exposed
to expanses of water on both sides. Erosion 1s expected and
Section F provides for complete clearing of these islandg to fore-
stall the more expensive and inefficient method of removal after

impoundage.

(G) Section G is more or leas self-explanatorye. It provides for
the sams modifications as were carried out in the Wheeler Reser-
voir where the high water contour was confined to the banks of
the major stresms, excepting the provision for leaving certein
cypress end tupelo gum trees. The trees encountered along the
banks ere subject to squatic conditions. The object of leaving
them at and near the water line is to provide shade emd minimilse
sprouting which will ocour extenmsively in the case of willow
stumps. It is recognized that the trunk of a tree is fer less
objectionable at the water?!s edge than a mmltitude of sprouts.



(E) The 41y and L4113t contours on Seven Mile Islend end the
flood plain of the River to the north follow nmatural sloughs and
low lying areas Which for the most part are heavily wooded. The
growth encountered is semi-aquatic snd now stemds in water for
several months during the year. With summer time water level
fluctuation below the 4131 contour natural conditions should not
be eltered materially. The sound treses in this area are specified
to be left for the purpose of providing shade in en arse which,

i1f clesred, would be covered completely with secondary growth.

MARGINAYL CLEARING

Tree Marking for Marginal Clearing

In order to insure proper interpretaetion of the clearing gpeci-
fications, the marginal clearing limits are marked in the fieild under the
supervision of the representative of the Health and Safety Depertment. In
the Pickwick Reservoir, two men were used as tree markers. Their eguipment
consisted of one gallon of paint (1 part red baern peint to 1 part gasoline),
g long hendle brush and hand level. The Engineering Service Division ao-
curately set,at intervals of approximately fifty feet, the L1+ contour,
using white stekes or painting white beunds on trees which stood on the
contour. The marginal tree markers used this contour as a base line. The
merkers were sup;lied each day with e large scale map (1" — 500') showing in
colors areas where the different clearing provisions were to be carried out.
Every tree elopg the margin of the reservoir to be left had to have e red
spot merked plainly upon 1t or the clearing foroces would remove it. The
procedure proved very successful and economical in exeocuting the specifica-
tions since the tree markers oould stay well shead of the clearing units
around the reservoir snd the cost of labor and materiels for merking was
small,

In summarizing, in the Pickwick Reservoir 1;86.32 miles of shoreline
woere marked for marginsl oclearing. Approximstely 10 miles of shoreline were
not marked, since it fel]l under the olassifloation of complete Island Clear-
ing (). The average progress was 3.25 miles per man-dey, using paint at a

rate of L;.5 miles per gallon.
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Clearing Practices

The Tennessee Valley Authority has a Division of Reservoir Clearance
which is composed of men speciaslly trained in large scale clearing operations.
There follows a brief desoription of their efficient olearing practice.
Their orgenization is divided Into clearing umits located about various sec-—
tioms of the reservoire. Each unit is ocomposed of 60 laborers, 2 tool sharp-
eners, 3 sub-foremen, 1 field first aid man-clerk, ard ome unit foreman.
Eech sub-foreman is in oharge of a particular clearing operation. In fromt
are sent the bush hooks employed in cutting all small brush and originating
the locations of the brush pilles. Following the bush hooks are the axe orews
which cut the small trees and pile brush. The next operation is the small
and large sews wWhich fell all sizable timber and work them up into conven-
ient log lengths, piling the tops in the brush piless The last operation
consists of the lug-hooks, cant-hooks, and mmle teem utilized in piling
the logs for burnming. This latter operation is quite important as the piles
mist be cerefully constructed to imsure complete consumption -when burned.

The gemeral practice in log piling is to center the large logs and
then pile or "wrap up" the large logs with the smaller poles and logs. Then
in burning very little clesning or "chunking up" of the log piles will be
necessarys A properly buailt log pile will burn evenly aund when practically
consumed, usually just moving the log butts together will leave no unburned
material.

The Clearance Division sometime employ light dragline cranes equipped
with log tongs to eid in piling the hsavy logs in wet ground where men end
mules have poor footing. On bank oleering operations a "bank machine” is
vtilized. This is a ‘tractor equipped with e dregline wench and stiff-leg
which pulls the felled trees from the streasms so the men cen work up the

timber on dry ground.



Throughout the entire clearing of the 12,500 acres of timber in the
Piekwick Reservoir, steps were teken to save and dispose of all merohentable
timber.

Semi-Aquatic Growth Control

Willow stumps, along with butbon ball, have been quite a problem in
newly impounded lekes due to their repid and contimial resprouting character-
istics. In order to rid the marginal area of the willow sprouts end seed-
lings, operations were developed to control these growths.

Along with the pre-impounrdage marginel clesring operations, willow
stump poisoning was carried out between the L14' end 408t contours of the
Piockwick Reservoir. At the inesuguration of the program, a 12 per cent so-
Jution of sodium arsenite was applied to hack-girdled stumps with very good
results. A ki1l of between 75 to 95 per cent was obtaired on stumps of
four to eighteen inches in dismeter, a lesser kill being secured on willow
seedling beds. The procedure employed was to completely hack-girdle the
stumps with an axe near the ground lire and spraying a small quantity of
the herdbicidal solutlen into the bamd of gashes. To get the best results,
ocare was taken to completely haok the entire circumferemce of ths stump.
The gashes were not required to be deep but just so that the cambium legyer
was severed to permit the entrance of the herbicide into the layer of grow-
ing tissue of the stump. For poisoning seedlings end button dell, the
sprouts were trimmed to the ground and the stubble spreyed with the herbi-
cides A knapseck spray cen was utilized for applying the solutiom. This
equipment was capable of produsing e forcesble streem for stumps and a
fine spray for the seedlings.

Since sasrsenic solutions ere extremely polsonous if ingested, em-

phasls on safety in hendling the sodium arsenite compounds was made to field



men on willow poisoning operations. Below are four routine precautions that
were taken by the Pickwick operations.
1. That soap, wash basin, and water be provided on the job and
that thorough washing of hands and arms be enforced before lunch
and et the conclusion of the damy.
2., In addition to the use of gloves (cloth), it was recommended
that a heavy grease be applied to the hands and arms. This pro-
oedure protected the hands from cuts and scratches and prevented
the emtrence of the solution beneath the finger nails.
3+« That the unit be equipped with first aid kits and that anti-
septic dressings be applied to all cuts and soratches as soon as
they ocourred.
Ly, That periodical physical exsminations, with urinalyses, be
made at monthly intervals,

Iater in the development of the operation, it was found edvisable
to discontinue the use of sodium ersenite as a herbicide due to the pos-
8ible liebllity for deeths of grezing stook end cattle in the free range
portions of the Piclawick Reservoir. Satisfactory results were received
op willow stumps, using Diesel oil 33° Be. full strength as a herbicide,
employing the same procedure a8 in the arsemioc solution.

A total of U452 .5 acres were poisoned in the drswdown area of the
Pickwick Reservoir without eny demage to cattle or mem and the results
aided greatly in effecting a clean water's surface in the shallow areas of

the reservoir.

MARGINAL DRATNAGE

The meximum normal pool elevationm of the Pickwick Reservoir is Llit,

and all depregsions that would have remained isoleted when the water level
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was lowered to 1110 feet were commected to the mein body of the leke by
drainage ditches. The representative of the Health and Safety Department
made the recommaissence of the reservolr area and requested that surveys
for merginal drainage projects be made by the Maps end Surveys Division of
the Tennessee Valley Authority. After the estimetes of quentities and costs
were submitted, the authorizetion for the oconstruction was mede to the Reser-
voir Clearsnce Division who in turn executed the drainsges The final ap-
proval of the projectes was mede by the Bealth snd Safety Department. The
designs of the ditch sections were given cereful consideration so as to
provide minimm maintensance after impoundage. All dreinage followed natural
outlets when preotical, eliminating eny sharp turns ir alinement. Spoil
banks were carefully placed with at least a six-foot berm and adequate lat-
erals for side dreinage.

The generel practice in the Pickwick Reservoir was to provide sgide
slopes to fit the condition ofthe soil. The majority of the sections had
¢ minimm of a four-foot bottom, with 1 to 1 side slope, in outs under five
feets The gide slopes were increasgsed to 3 to 1 on desper ocuts. The locel
topography governed the design of grades, but effort was made to have at
least a 0.1% grade or more on all drainage ditcheas, At the conclusion of
this report may be found pictures of typiocal marginel drainage with a sample
of & preliminary plan end profile. A total of 59,048 feet of margiral
drainege was constructed in the Plekwick Reservoir, represemting 29,015
cubic yards of execavetion. Most of the yardege was moved by speeder drag-
line, with a three~fourths yerd bucket, but some minor projects were con-

structed by hend,

MARGINAT, CONDITIONING OPERATIONS

It was necessary to schedule the initiel removal of timber from the



Pickwick Reservoir over a period of two growing seasons. Heavy growths of
soppice and herbaceous plents occurred in the cleared portions experiencing
one or more growing seasons prior to impoundage. These growths favor mos—
quito breeding end are objectionsble if left in the zome of fluctuation.
Past experienoe in other reservoirs made it necessary to thoroughly condi-
tion the marginal areas of the Pickwick Reservoir prior to impoundage in
1538.

It was estimeted that 5,000 acres lay between the L)' and 108* con-
tours. Of this area epproximetely 2,500 acres consisted of o0ld fields and
meedows and 2,500 acres of timber land. A totel of L,LL7 acres were con-
ditioned between the LUt and 408! contours. Approximetely 1,893 acres be-
low the 408! contour were worked for the removal of the scattered sprouts
which extended into the zone of water level fluctuation.

Specificatlons

The Pickwick Landing Dam provided for e six~foot drewdown between
the elevations 411t and LOB' contours, the proposed schedule of fluctuation
took full advantage of this avallable drawdown. This wes deemsd necessary
for insuring adequete mosquito control during the first season of impoundage,
regardless of the fact that possibly the enktire six-~foot drewdown might not
have to be utilized. It was considered advisable to set the lower limit of
conditioning et the LO8' contour in order that a more complete inundation
would preveil, oconstituting a greater killing effect upon the uplend growths.

The final specifications set up for the Marginal Treatment Operations
were as follows:

1, That the oonditioning operations be started mo earlier than

September 1, 1937, and completed prior to lmpoundage.
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2. That sprouts, weeds, other smnual growths, corn stalks, vines
etc., be generally removed betwesen the LIyt and 1;08' contours.

3, That sprouts which would extend above the Li10' contour be cub.

Discussion of Specifications

The selecting of September 1 as the date of inaugurating the con-
ditioning operation was a compromise. After this date, ordinarily, very
little growth occurs, however, if the date was postponed to the first frost,
approximately October 15, probably an appreciable amount of the grass and
woeds Wwould be dried and dissipated by the frosts thersby saving consider-
ably on the oconditioning operation. But taking into comsideration the lost
time due to fall rains after frosts and the difficulty of bwraning brush
during this season in the low lands, 1t was desired to gtart the oonditioning
operatlon at the sarliest possible time. This operation was completed about
Jamuary 1 and it was then evident that further reconditioning af'ter that
date would be difficult and costly due to unfavorable weather conditions,

Section 2 refers to the conditioning of the zome of fluctuation.

The degree of refinement was obbtained by practical field interpretation,
Generally, all sprouts and sizable annual growths were removed and disposed
of in this zone, however, certain medliums werse struck between what was es-
sential to remove and what was not seriously objeotioneble. In small, pro-
tected arsas olose to high population densities, cereful -hand and mower
treatment was employed while modifications were permissible on steep shore-
line. In soms areas rough conditiong below the LOS' contour wes employed.
The extent of this operation was determined by the topography of the ground,
size and density of the sprouts, and amount of exposure from wave aotion.

It wes not considered necessary to pile and burm any of the felled growth



below this point of drawdown. Observetions indicate that only & very small
per cent of such material will rise to the surface after impoundage if cut
and pushed down.

Since the removal of sprouts and herbaceous plants on such a large
scale had not been undertaken heretofore, field methods snd practices re-
quired development. Various hand tools, drags, and team-drewn mowing ma-
chines and hay reakes were ell given a trial under different coumditions for
development of the most efficient methodse Subsequent developmsnts re-
sulted in a very efficient and practical operation. Success of the oper-
ation may be attributed principally to the adaption to the work of horse-
drewn mowing machines and hay rakes. The average cost for mowing and
raking sprouts and ammual growth for burning wes 32,71 per acre as compared
to $8.26 per acre for areas requiring hend cutting and piling.

Conditioning below the L0o8t sontour which did not require piling
cost only $1.iy per acres The averege cost of all methods and types of re-
conditioning combined was 36.14, or 1., men-days per acre. The total mar-

ginal area conditioned was 6,240 acres.

CONSTRUCTION OF FACILITIES FOR LARVICIDAYL MEASURES

On large reservoirs it sometimes becomss necessary to supplement
"biclogical control" with larvicidal measures. This method is very costly
end has only a temporary value so that it is fast becoming merely e second-
ary method of mosquito controls Facilities for larvicidal msesures were
constructed for the Pickwick Reservoir under the planning and supervision
of the Malaria Control Division to meet temporary end emergemcy situations
in and around the high population dendities. Two principal larvicides, oil

and Paris green, were used on the Pisckwiok projeots
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The oil used is a mixture of four parts kesrosene and ome part black
0il, heving the following specifications:

Kerosene
To conform to Federal Spesifications VV-K-211, having a specifio
gravity between 0.82) end 0.795 at 40 degrees Fahrenheit. At
least 25%, 50%, 75% end approximately 100% by volume of the crude
kerosene to be distilled off at 210, 220, 230 and 300 degrees
Dentigrads, respectivelye.

Blaek 0il
To be a pure petroleum produst free from fatty oils, fatty acids,
resins, soaps, or other non-hydrocarbons, and having a specific
gravity between 0.9446 snd 0.921 at 60 degrees Fehremheit. The
mixed 0il to yield no more then 0.5% bottom sediment by centri-
fuges Semples of the unmixed constituents to bse supplied by
bidders.

The purpose of the blaok o0il is to give the mixture solor in order
to observe the rate of applicetion. The oil is applied in eithsr kmapseck
spray cans or in "water~oil" boat units. The water-oil unit (see attached
photogreph) consists of a 2-foot, flat bottom, shallow draft hull, powered
with a 20 hep. utility motor. The hull is equippsed with a rotary, high-
pressure pump unit, propelled with & 2-1/2 h.p. air-cooled unit which takes
water from the lake and discharges through six feet of 1-1/L inch hose and
a 3/8 inch spray nogzle. Larvicidal oil is injected from two 70-gallon
storage tenks into the suction line of the pump at any concentration desired
which is discharged along with the water through the hose and nozzle. This
dquipment is capable of throwing a larvicidel stream from 75 to 100 feet
with sufficient force to break up fine flotage and pemetrate through
vegetation.

The crew is made up of two men, one to maneuver the boat, the other

to operste the spray equipment. The sprey operator controls the amount of

larvicide by observing the color of the spray of the oil-water mix, which

L7



may vary from pale yellow to dark brown. When areas are encountered waere
the boat unit capnot operate, the crew equip themselves with the knapsack
spray cems and treat the area by hand. Roughly, it may be assumed that oil
is applied at a rate of 25 to 45 gallons per acre with the knapsack end

of 20 to 30 gallons per mile of shoreline with the "water-0il" unit.

For the Pickwick Resgervoir, fourteen of these water oil boats were
constructed along with four warehouse bases and docks located about the
reservoir (see map) from which to oarry out the larvicidal program. Each
of these subbases was equipped with a floating boat house, dock, tool
storage building, 1,000-gallon gasoline tank with pump, 6,000-gallon larvi-
cidal oil storage tank and small tools neocessary for minor repair work,
Each base was provided with a safe weter supply and sanitetion facilities
conforming to Health Department regulations,

Paris green as a larvicide has a principsl edventage over oil, mainly
in ease of application, as dust may be drifted over areas where oiling
methods would be difficulte. Oil is a better larvicide end may be expected
to kill most species of mosquitoes in any stage of larval development.
Parissgreen, however, is sffective only on the genus Anopheles, whose
larvas feed at the water surfaces Also, larvaee in the pupas stage do not
eat end consequently are not affected by the Paris green larvicide. In
the concentrations applisd for mosquito control im the Piclwick Reservoir,
Paris green mey safely be used in areas open to cattle without danger of
harming them,

Paris green used as a larvicidal dust is applied mixed with a diluent
of powdered soapstone (talc)s The following is the speoifiocdtions for

Paris green.



That the Paris green shell contein at least 50 per cent
argenious oxide; with no mors ths 3-1/2 per cent being
soluble in water, emd of such finemess that 100 per cent
will pass 200-mesh screen, and 85 per cent pass 300-mesh
screen, and that the product be toxic to Anopheles larvae
in natural breeding places.

The dust is applied with kmapsack hand dust blowers or mechanical
dusters placed in boats. All of these units are similar to equipment used
in dust applications for agricultural purposes. Operators of dusters soon
beoome expert in drifting dust clouds over shallow exposures of water, ob-
taining satisfactory results at a low labor cost. For sizable "flats" or

shallow arseas reguiring larvicidal trestment, favorsble results have been

roceived from airplane dusting equipment. The Temmessee Valley Authority
had available two Stearmen Biplane dusters for mosquito control operation
in the Pickwick Reservoirs

The airplane dusting apparatus is similar to the agricultural "crop
duster" (see photograph) and consists mainly of en 800-pound capacity dust
hopper with mechanical agitator, having on the underside of the fuselage a
venturi from which the dust is discharged.

The dust used in the airplane operation is mixed 22.2% Paris green
by weight, while the hand dust is 16.6% Paris green by weight. To get the
best results, the dust is applied at a rate equivalemt to one pound of Paris

green por acre.

To shorten the "hauling” or non-dusting flying time, em airplane lemd-
ing strip, 2000t x 300t, and a dust gtorage house were constructad on Bear
Creek to facllitate dusting operations in the central reservoir area. The
landing field, an area already cleared and fairly well drained, was carefully
grubbed of all sprouts ard stumps. The approaches were cleared to provids

safety in teking off the with heavy loads.



Since all airplane dusting operations ere conducted in the early morn-
ing, it is necessary to have the landing strip smooth in order that the
loaded ship may gain sufficient speed to get off op such e comperetively
short rumwey without the aid of wind. TFor grading the surface, & road
grader end "35" caterpillar were utilized. The field wes plented in lespe-
deza sarly in the spring of 1938 and very little washing has been observed.
The gullies which have occurred have been sodded with Bermumda grass with
very excellent resulise

Prior to May 1, 1938, all floating equipmemt, including boat houses,
water-o0il units, and inspection boats wers transported to their respective
bases, along with shipments of o0il and dust larvicides. Twelve reservoir
larvicidal oil tenks, with capacity of 2,000-gallons, were located sbout the
reservoir to provide additional storage for emergency conditions.

A smml]l scele mep will be found in the appendiz upon which has been
super imposed the location of 0il tanks, subbaeses, docks, airplene lending

strip, and mosquito cheeking stations.

MATNTENANCE PROGRAM

Inspsction end Reporting

To determine the effectiveness and tc indicate where work was to be
done, routine reports of larvee end adult mosquitoes were mede in the Piock-
wick Reservoir. Prior to the impoundage, 50 adult mosquito catching ste-~
tions wers loceted sbout the reservoir and routinely inspected during the
breeding season. The catching stations consisted of suitable resting

places for the Arnopheles quadrimeculatus, such as & dark barn with edequate

blocd supply located sufficiently close to the reservoire. The pre-impoundage

mosquito demsity studies were obtained for three sessons and constitute a
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representative baseline for comparison with post-impoundege catohes. The
measurement of mosquito densities in the Fickwick Reservoir is under the
guidance of entomologists of the Malaria Studies and Control Uivision.

For the larvael demsities, each base has an inspector who is assigned
a seotion of the reservoir to determine location and amount of anopheline
breeding. The inspectors or "larvae dippers" work from outboerd boats in
order that the territory may be covered thoroughly each week.

For reporting the record of the edult inspections, we have the fol-
lowing form: In the firs{ columm is placed the number of the cetching
station, accompenisd with any remark about the unusuel condition of the
station at the time of the visit. The technigue was to first count the
pumber of the resting adults and then catch as many as possible. The catoh

wag then Identified end taebulated in the remaining column. Punc and Crue

are abbreviations for Anopheles punctipemnis and 4nopheles crucisans, two

specles not comsidered of medical importence in malerie trensmission in
this country but found in the Pickwick Reservoir area., The last colum is
provided to indicate catches of all genera of mosquitoes other than
Anopheles.

The shoreline of the Pickwick Reservoir has been divided into mile
stetions to Pacilitate progpess reporting. The mileage begins with zero
at the north side of Pickwick Dam and asccumiletes asround the entire mein
shoreline back to mile 418, which is the south side of the dems This, en
area mey be defined by its mile post end extent of work from mile post to
mile poste This is the method used in desoribing the area imnspected for
larvae and progress of treatment meesures.

Below is the imspsction form for mosquito breedinge In the flrst

column the mumbers indicsate the miles between which the Inspection was



Tva a3 (8-1-30)

TENNESSEE VALLEY AUTHORITY

INSPECTION FOR MOSQUITO LARVAE

Resenvoin PLICEWICK o 1 oq GAISTIL g £/8/38
. LocaTion CONDITION NO. DIPS Auopl;lﬁ\::gs s:?cj:so ULt
'?LAEE INSPECTED TOV.| POS.| TOT.| 2 3 4 P, TINE
105-106 Floatare 50/0 [0 |o |o o [0 |o |10
4107 Drift é0(18|2L[12|11|1 |0 fOo |10
mz_-mé Vegetation [50|8 [12|8 |, |0 |0 |O (O
111-112 Willow weed |[LS|1Uy|20[12[6 |2 |0 |0 |10
113-120 Rloatage 55(16[20{ 145 |1 |0 |1 |O
11.:-115 " Lo|3 |l %10 |O [G [0 |0
§
REMARKS. Breeding found iﬁ-poﬁé ne_')e-x'r' s:lt'ja'bion

number 36.




[—Y-VA -:s(a-T—a;) R
TENNESSEL VALLEY AUTHOR(TY
|

INSPECTION FOR ADULT MOSQUITOES

RESERVOIR_PTAYICK INSPECTOR ASDERSOIE DATE Ly 21! |
NUMBER OF MOSQUITOES FOUND
" STATION REMARKS QUADRIMACUL?ﬁOSPHEl S - té:]}:.[h
|COUNTED]CAUGHT] _F M| PUNC.| cauc.
1 212 {2 (o [3 |0 [0
2 11011 11| 0|0 |0 | O |
3 1212 [12] oo |0 [0
L olo |lolololo]|o!
5 L | |L|o|1]|o 0!
6 16 [h6|Ls| 1]3]0 |0
7 76|60 |00 |0
8 2| 2|2 0/0]|0 |0
o 2| 2|2|o0lofo]|o0:
10 1 111 010 (O
¢
1
]
REMARKS: No stock in stetion 10




made, with the ares more definitely defined by the comdition foumd, such

as drift or fallen tree tops. The inspector is trained to pick out only
likely breeding places in which to make his representative number of dips,
using a common water dipper of ruggéd comstruction. Each dip is recorded
end dips containing larvas are counted under "Positive Dips". The total
number of Anopheles larvae obuained in the positive dips are recorded in
the next columms, with a breskdown as to larvae stages. P in the last
stage stends for pupees The predominant size of the larvas is an important
factor in the control operation for the stage will determine to some extent
what area will have priority of treatment. TFor example, two areans have
sufficient larvee production to demand use of larvicides., Both are close
to equal populetion densities but one erea must be treated prior to the
other because it has larvse predominently in the fourth end pupel stages,
while the other has larvee in the second and third steges. The last columm
on the dipping report is used to record the nmumber of mosquito larvae found
other than Anopheles.

Control Procedurs

The Resident Sanitery Engineer in the Pickwick Reservoir is responsible
for executing the control progrem as set out by the Maleria Studies and Con-
trol Division of the Tennessee Valley Authority. Assisting the engineer ere
two control foremen trained to direct field activities in mosquito control.
Reporting to the mmlerie control foremen are the base sub-foremen who are
responsible for the boats, supplies and equipment assigned to his bass, and
directs the foreces in the control work, whether larvicidal measgures, drain-~
age, or growth conmtrol. The work is outlined and assigned to the sub-

foreman each day by the malmria control foremen after the field findings



have been analyged with the engineer. 1In attempting to resort principally
to "bilological comtrol”, it is impossible to set out e routine plesn of
mosquito conbrol whioh could be foliowed on the Pickwick Reservoir. At
the end of each work day, the sub-foremen prepare & daily time sheet and
progress report, an exemple of which is attached,

The daily report form proved very successful in the Pickwick opera-
tions end serves mamy purposes as shown below. From this sheet the time
is supplied for the pay rodl office. This daily report form is designed
to give the detail breakdown of the various operations far cost accounting
purposes. On the same shest is the daily summsry of the eanmti-larval
nmeasures for each boat unit operating from the bases, giving informetion on
the number of hours operated with amounts of fuel and larvicide used. Under
progress is shown the miles betwsen which tregiment was made, with an esti-
mate of the actual miles or acres treated. IFf the operation was listed as
(1), or oiling, the progress would be recorded in miles, while operation
(2), or dusting, would be recorded in ascres. The form is supplied with
plenty of room for including emy request for supplles or pertinent remerks
relakive to the daily operetion. The small black in the bottom center is
e memo or receipting the sub-foremants supplies as he receives them from
day to day.

A1) of the base forms are sent dally to the main office for posting
along with the larval dipping recoréds. These records are used in preparing
the monthly cost statements and the enginesrts weekly sumary of mosquito
control operations, which is sent out to various persons and agercies
interested in the operation. The engineerts report, exsmple of which is
sttached, summariges the operations and inspections for the week. Under

daily water elevations is plotted the fluctuation as recorded at differemt
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sections of the reservoir, since the upper reaches are subject to a con-
sidereble backwater curve,

Summary of Season 1938

The water elevation of the Pickwiock Reservoir wes raised to the maxi-

mm controlled surcharge of 418t on April 13 and held there sufficiently
long to effectively strand the majority of the drift and fine flotage.

This is called seasonal water level fluctustione That is, high water level
during the winter end early spring end lowering rapidly to the meximm
suwmer elevation et the begiumning of the mosquito season to producs a clean
shoreline upon which all plent life has been considerably refiarded. Routine
water level variations were inaugureted on May 1, after the water had been
maintained in excess of L1t elevation for the greater portion of April.

The routine webter level fluctuation on Pickwick provided far a oyclicael
fluctuation of 1.2' weekly, combined with 0.1t per week recession.

The uwrmusually cleen shoreline condition, with the water level vari-
ations, provided favorable mosquito control with ne use of lervicides wuntil
the malaria control water level fluctuation was interrupted due to high
stream flows in the Temnessee Velley. The high water level, together with

1deal breeding weather, resulted in increased breeding of Anopheles quadri-

maculetus. larvicidal operations were directed et once to control increased
production. The reservoir as s whole was handled by boat and hand equipment
with reasonadbly good results.

Airplene dusting equipment wes employed in one area where emergent
aquatic vegetation and shallow water made that method desirsble. The general
reservoir condition was greatly benefitted by the rapid drawdown which oo-
curred during the week ending August 10. With normal stream flows, the
routine fluctuation schedule was resumed, with favorable results with but

1ittle use of larvicides. Soms breeding was experienced in marginal
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depressions which were filled by high water elevations and by baclwrater
curves, and the drainage of these depressions was carrled out throughout
the remainder of the season. There is attached a chart showing the in-
fluence of lervicide and water level fluctuation on Anophsles conmtrol in

the Pickwick Reservoir for the season of 1938,
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OPERATION *

| T DAILY REPORT OF MOSQUITO CONTROL WORK
DAILY TIME DISTRIBUTION RESERVOIR __ EICHVICK Bast _Spring Creck pare _£/1./68 —
EQUIPMENT LARVIC IDES HERBI- TUEL OPERATED et
TANK | o©IL |poGoust| CIDES | cas. | o
NO. MO. | GALS. | (BS. | LBS. | GALs.| ats. [Wours| wiNs. | * | FROM TO | MILES | ACRE
NAME HRS [RATE cl.o31 |2 | B2 1001 | 6 o1y ez |3
James Stetom | 81[.75|8
Bob Brown 8 L5k
i, Metlook 8 |.LisE 51032 100 e | o | L |3 |2]|2ic |18 5
J. Aston 8 L% o
R, Gemmel 8 |L73
M. 8teveson 8 .L7%
Bill Curtis .b,?‘{e\ |
TOTALS

* OPERATIONS:  §-Diling 2 - Ousting 3- Rebrushing 4 -Drift Removal 5- Aquaiic Growth Conlrol 6 Drainage 7- Others

SUPPLIES RECEIVED | REMARKS

Oit qil _

P G. Dust . 1

TOTALS Gasoline gal. > %
PROGRESS Bitoching at ml 178 150 1lin f%. Motor 0l ol 5 :
Deift pemowni atomila 192 300 lin £, = /" = —
ke e 2 £ = I! 3 ér'—l 2 ":'H.l;':.\;d.l'r'_'







TARGIHAL DRAIBAGE PROJECT A ~ 1
SEVEI 7 ILT ISLAMD PICITICK RESERVOIR
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Upstroam view of completed ditch on Warginel Drainage
Project A-5, Collier Slough, in Fickwiok HReservoir, Alabama. The
ditch hag a six foot bottom with a 3 to 1 side slopes This area

was unfler water when excavation was exeouted,



M AN d~-LE-S/-TI




NAROTAL COUDETIDEING OPURATIONS

Srouing tand rewova) of : o in She
sisllow Tlata of upper Yeollow freck in tip ognTeeire
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Tools usad im the finel marginal oonditicuing operations,
From left to rightt "eir-oil® wood burner, mower taoth or ftve
reke, oo made topping blade, doublo blade bush hooks, ax, and
piteh fork for piling gcrowth for b Te

Shoreline condition aitur conditioning writh tmen .
drasm nowors. Tidg area {a reedy for wind=powing end burning,
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Stearmen dusting sirplene used in moesquito control
opora tiona in the Pickwiok Resgervoir,

Close up view showing agite tor drive, venturi end arm to dust
releagse valve,



Lervicidal boat equipped with power dust blower

"ater-oil" boats of the Pickwick mosquito fleet.



Knapsack sprey can and hsnd dust blower squipment.

— o~

Airplens loeding field ueer Bear Cresk of riclarick Reservoir.
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INFLUENCE OF LARVICIDES AND WATER LEVEL FLUCTUATION OF AFNOPHELES CONTROL
PICKWICK RESERVOIR - 1938
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