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FORCWORD

Construction of the Mississippi Basin Model (MBM) was approved in
letter of 29 July 1943, from the Office, Chief of Engineers, to Fresident,
Mississippi River Commission, subject, Reservoir Operation !lodel for the
Mississippi River and Tributaries. Construction on the model site was
begun in August 1943 and the model was completed in December 1966,

Although construction of the model was in progress until 1966, irdi-
vidual sections were put into operation as early as 1949. All scheduled
tests were completed in 1971 and the model was put on a standby basis.

The construction of the model was under the general supervision of
Mr, G. W. Vinzant, Chief, Construction Services Division, U. S. Army Engi-
neer Waterways Experiment Station (WES), and the immediate supervision of
each of the fcllowing engineers during a portion of the construction pe-
riod: CPT H. G. Dewey, Jr., Mr. A. G. Davis, Mr. L. E. Crowder, ''r. W, C.
Hunt, Mr. R. E. Hinton, and Mr. T. A, Leggett.

The operation of the model was under the general supervision of
Mr. E. P. Fortson, Jr., Chief, Hydraulics Division, WES, and Mr. G. B.
Fenwick, Assistant Chief, and Mr. J. J. Franco, Chief, Waterways Branch.
Engineers in immediate charge of model operation during various periods
were: Mr. H. G. Dewey, Jr., Mr. H. C. McGee, and Mr. J. E. Foster. This
report was prepared by Mr. Foster, assisted by Mrs. Mildred B. Johnson.

Directors of the WES during the period of construction and operation
of the MBM were: Mr. G. H. Matthes, COIL, C. T. Newton, LTC R. D. Kings,

COL H. J. Skidmore, COL C, H. Dunn, COL A. P. Rollins, Jr., COL Edmund H.
Lang, COL Alex . Sutton, Jr., COL John R. Oswalt, Jr., COL Levi A. Brown,

and COL Ernest D. Peixotto. Technical Directors were Meassrs, J.

Tiffany and F. R. Brown.
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\ SUMMARY

X
The Mississippi Basin Model, the largest small-scale working model in
the world, reproduces the entire drainage basin of the Mississippi River
and its tributary system to a horizontal scale of 1:2000 and a vertical
scale of 1:100, The model has the appearance of a gigantic relief mao with
the streams and floodplains molded in concrete in their correct geographic
locations.

Construction of the model was begun by German prisoners of war in the
rall of 1943, was continued by civilian personnel of the U. &. Army Fngi-
neer Yaterways Experiment Station (WES) after the prisoners were tranc-
ferred in 1946, and was completed in 1966,

Testing of local problems for variou$s Corps of Engineers Divisicon and
District offices within the basin was begun in 1949, Tests were conductei
15 requested by Division and District offices until 1971 when all sched:le=d
tests were completed., A comprehensive testing program was begsun in 19295Q
and was completed in 1569. Tests to aid in the development of comnuter rr
~rams were conducted during the period 1969-1971. When all schoduled tes*s
were completed, the model was placed on standby maintenance vpending the
need for additional tests and was operated for viewing by the general vub-

li¢c and technical visitors.

)

The comprehensive tests have been very effective in checkings the ade-
wacy of operational procedures for flood-control reservoirs and floodways
in the basin. The special tests have been invaluable in assisting the Divi-
siong and Districts in determining the design prade of levees and flood-
walle, in Jdemonstrating to levee board members and other interested nersons
“he erfectivenrss of flood-control structures constructed or proposed by
the i'. 8, Army Engineers, etc. The most spectacular use of the model was
in flood prediction on the Missouri River during the April 1952 floecd when
the model was instrumental in pinpointing crltlcal roints along levees,

The model tests indicated some levees should be raised and others weould te
vrertopped to such an extent that there would not be time enough to ruaise
them, liissouri River Division personnel said the model was one of the
vital factors in the success of the flood fight that vrevented flecod dam-
s o{ an estimated $65,000,000 and possibly loss of lives.

T%e Mississippi Basin Model Board (the grouo charsed with determininge
noliries and programz for development and operation of the model) unan-
imously agreed that Lthe model has been a very valuable tool in selving many
“looi-control problems and in providing the answers to many of the ques-
tions w1?h regard to the coordinated operation of recervoirs within the
Laoin,
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(ITORYCAND DRCOCRTETTON OF THE MICATo PP pacsiil Woren

PART T: IOTHOLTICTIO

Descrivtion of I'rajiact

e

1. The Mississippi Basin Model (MBM), the largest small-scale worr-
ing model in the world, reproduces the entire drainage basin cf the Misciz-

e
r and its tributary svstem (figz. 1). Thiz basin, 1,290,000

e
i

e
zquare miles in area, extends from the Rocky lountains to the Appalachian

vountains and from jjust above the Canadian border to the Gulf of Mexico.

curies 41 percent of the continental United Stutes. The model has the ar-
newrance of a gigantic relief map with the streams nand {loodplains melded
in concrete in their correct geographlic locations,

2. Construction of the MEM was becun by TGerman prizconers of war in 1
“he f2il of 1943 and was continued by civilian rersonnel of the . I, Arry
Incineer Waterwavs Experiment Utation (WES) ~fter the prisoners were tranz-
Tevred in 19L6., The mcdel was completed in 1906, Testineg of local prob-
“oms Tor the various Corps of Envineers Division and District offices

vithin the basin was begun on completed nortions of the model in 1949, =&

rehensive testing vrosram was beepun in 1999 and was completed in 1940,
Testing for the wvarious Division nnd District offices was completed in i

conductel

1271, Tests to aid in the develcpment of computer ovrogr

iurins the period 196721971,

ey raroe s 1

3. The MINU io losoated b che Jackoaon

fallation of the W0 9 miles

L 1

wost P Tackson, Misc,, onl a0 miles east of the main offices of rthe WU

at Uiekobure, Mics,
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PART II:  PRELTMINARY PLANNINTS

Origin and Puarpose of Vodel

4, The iden for u comprehensive madel of the "iceicoirpi Piver and

<ol ol

its tributaries was conceived by MAJ Euzene Reybold while servine as Dic-

trict Engineer uat Memphis, Tenn., during the record flood of 1937 on the

‘e

1S

U

issippi River. [t was his idea that a comprehensive model coull be

used to develop plans for coordination of fload-control probloems, chiefly
reservoir operation, throughout the Mississivei River Basin., iiowever, his
idea did not begin to materialize until he became Chief of the '/, S

A prener
PR e

corps of Zn-linzers during the curly forities,

5. Cn 23 May 1942, Messrs. Gerard H. Matthes, Director, and
Joseph B. Tiffany, Executive 0fficer, of the WES, while in Washington on
WES business visitel with Feybold, by then GEN Revbold, and Chief of Enri-
neers, puring their visit, GEN Reybold exrressed the need for some men

of controlling the overull operation of the basin-wide system of rezervoirs:,
He told them of his conception of a comprehensive model th
as a tool for the study of the overall operation of the reserveoirs in th

Mississippi River Basin. GEN Reybold stated that such a medel would huv

i

great potential value for Jdemonstrating flood-control measures to Govern-
ment officials and laymen as well as to engineers. He said the model could
be a means of convincing those resronsible for flood-control legislation of
the necessity for a central control of all reservoir operaticn Jduring Tlond
emergencies in the Mississippi River Basin. Durins Mr. Matthes' and

Mr., Tiffany's visit, GEN Reybold ornlly directed them to conduct an investi-
gation at the WES of the feasibility and practicability of constructine a
hydraulic model of this type for studving protlems arising from the orern-
tion of the 200 reservoirs, built and to be built, and other proposed

flood-control works throusghout the Mississipri Basin.,

Plans for POW Labor

6. GEN Revbold was aware that personnel and materials were in short
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supply luring these coritical years of World War 11 -and St 10070l o o»

would not be available to start construction of the mordel,  Thous b o=

ceived the idea of using prisoner-of-war (POW) labor for the prepuratiorn

or the model site since much excavation and mevines of dirt would T re-

quired to meold the terrain to the general topezrarh

River Basin, GEN Reybold stated that German Field Marchal Rommel's forces

which had just been captured in Horth Africa by the British Army could rre-
vide the labor force for the mod=l., GEN Reybold immediately began negctisz-
tions through the Provost Marshal General for 3000 Cerman rriscners of war

to work on the model project and to obtain authority to construct an in-

ternment camp to be located adjacent to the model site.

Preliminarv Studv and Revort

T. The investigation directed by GEN Reybold was made during the
summer of 1942 under the supervision of BG M. . Tvler, Preside
sitpi River Commission (MRC). The WES was under the adrinistra
vision of the MRC at that time and until 10 Auzust 1949, having been authn-
rized and established under the Preszident, MPC, in 1929.

3. A report of the investigation, Preliminarv Revcrt on Pronosed

Rezervoir Cperation lMcdel--lMississippi River and Tributaries, was sub-

itted to the Chief of Engineers on 19 October 1942, 1In his letter for-
wardins this report, GEN Tyler noted that the project as originally con-

d been altered considerably since GEN Reybold and Director Matthes
n1i discussed the project. "It is now visualized," GEN Tyler said, "that
the model is to be geographically undistorted and will be constructed in
laryge part using prisoner-of-war labor."

2. In the preliminary report, paragraph 1, it was prorosed to Jdes-
i-nnte the model: "Reservoir Flood Control Medel--liississzirpi River and

L. vyt W
Tributaries,

Selection of Site

Investi-ation

0. A site board, composed of military and civilian employees, was




Qiver and Uritubtaries, Turcocrmt ot ooral

ita phvsicul features
clzro2ly tnan the oth
excavation and

proverty and a lire

Carmp (FOW), as only =bout one—third
needed for the constructicn of the nmodel,
Approval

2. The site for the loca
of Engineers in 1st Tnd, dated 2
1947, =ubject, "Ylood Jontrol Model

JEN Tyler.

Auttiority
—,————— e
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Anbhority for the construction ¢

Soreal remcrandum, cdated 12 Decermber 19)¢5“, snbieet, MOonaten
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Se Coneurrence by the Preovost Marshal General wis exprecssed inp 1ot

Tnt ot the memorandum, dated 19 Decermber 19L0 ) addressed to the Chied -f
4. The Construction Division, Office, Chief® of Fngineers (GCE), in

letter of 24 December 19L2, subject, "Plannineg and Censtructicn of 2,000-

proceed with planning and construction of the camp at the model site. This
zame letter also provided for collaboration with the President, MRC, re-
garding the location and arrangement of the construction of the model,
while at the same time maintaining prover control of the prisoners tc be
2mployed thereon during their absence from the comnound proper. Under this
vlan of collaboration the District Engineer, Mobile, Ala., was authorized
to proceed also with the construction of the necessary buildings to hnuse
employees of the WES needed to direct the work of the prisoners of war on
the model site., All work was to be completed on or before T Aprril 1943,

~

construction and occupation

5. lans for standard "theater-of-operations" tyre of construction
i othe

1
of buildings for housing 3000 prisoners, a 15l1-bed hosvital, and

'3

buildings and facilities for the camp headquarters, escort companies, ang

o]

service command were approved by GEN Tyler in letter of 10 January 1043,
Plans for a "theater-of-operations'" type of buildings to house versonnel
of the MRC and WES connected with the design and constructicn cf the model
were also approved. Construction of these buildings and facilities was
begun in January 1943. Operations began on 27 August 1943 with about 200
oriscners during the first week. This number increased to 1400 in October
1943 and reached the camp's peak of 1797 on 9 December 1943. This number
varied with the need for labor on the model until Yarch 1945 when all the

urisoners were transferred from the project.

Definite Project Rerort

16, The Chief of FEngineers, in the indorsement aporoving the model
site referenced in paragraph 12, also tentatively aonproved the preliminary

port on the proposed Reservoir Operation “odel as 2 basis for further

»
0]
]
\
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Study of this model und requested that a further report on the plans or
constructing this model be submitied to OCE at the earliecst practicable

iate. In weneral, he said, this report shonld include the informs

tiined in a definite project report for flood-contrel projfectis.

17. The Nefinite Project Renort, Reservoir Cperation Yodel, “iazic-

sinpi River and Tributaries, MBM Report Ho. 1-3, dated 8 April 1942, was
2 ? by k]

submitted by the WES to the Chief of Engineers thrcugh the President, M&O,
) g £ ’

This report was approved on 11 June 1943, and the construction of the model
proper was arproved by letter of 29 July 1943. Actually, the construction
of the model was approved in principle before the Definite Project Feport
was submitted; the site had been selected, and construction =€ the I7W carp

w1s in prrogres: before the Definize Project Rerart was »70icinlly arrroved

13. The fcllowing statenent contained in the Derind

rrojecs Poa

port set forth the anticipated ultimate develorment of the comprehensive

model of the Mississippi River Basin:

The proposed mcdel would reproduce 21l streams in the
Mississippi River watershed on which reservoirs for
flood control are located or contemplated, together
with all dams, levees, dikes, floodwalls, and cther
pertinent works built to a horizontal scale of 1 to
2000 and a vertical scale of 1 to 100.... It is
planned to reproduce the lower Mississippi River
initially only as far dcwnstream as the mouth of the
0ld River for the reason that no fleood inflow takes
place below this point, and because, also, the
Atchafalaya River Basin and its floodways aznd outlets
are represented in an existing model at the U. T,
Waterways Experiment Station. Provision would be
made, however, for addine the remainder of the
Mississippi River to its mouth and also the Atchaf-
alaya River Basin at any time this might become de-
sirable. Furthermore, the site for the model will
permit the adding of the Tombigbee River, should it
be desired at some future time to test out the ef-
fects of diverting flood waters of the Tennessee
River to the Gulf of Mexico by way of the Tombiybee.

Change in Mcdel Designation

19. The medel was called Reservoir Flood Control !lodel in corresrond-

ence and reports until it was stated in the Definite Project Report that
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it was considered undesirable to adopt any designation making use of the
words "tlood control model" as this would duplicate the name of an existing
model at the WES. Furthermore, it was thought that the words "reservoir
operation model" were truly descriptive of the uses to be made of the medel
and would place it in a class by itself, which it seemed to deserve. This
name was used until 1 July 1946 when the name was officially changed to

Mississippi Basin Model.
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PART I1I: DESIGN AND CONSTRUCTION ’

Design Considerations

Selection of a grid system

20. Before actual construction work could begin it was necessary to
establish a grid system on the ground for horizontal and vertical control,
The range of latitude of the basin of the Missiszsippi River extends approxi-
mately from 29° to 49°N and the range of longitude from 477 to 114%. Mo
projection can give a true representation of such a large surface of the
earth on a plane without introducing variation or distortion of scale,
azimuth, or areas, particularly near the borders of the area under consiid-
eration. The Bonne projection, which was the one selected for laying out
the model on the ground, maintains a more nearly unifeorm scale relation :
over the area by combining the best features of the polycconic and Lambert
projections. The Bonne projection maintains close agreement in scale aslong
the reridians and parallels, introducing only small errors in scale in the
corners of the area to be mapped.
21, The field work of laying out the actual projection on the grounid
and maintaining it during the constructior period naturally involved much
work. To simplify this, a rectangular grid of 100-ft sguures was super-
imposed on the Bonne projection. Each intersection of 2 degree of latitud:
and longitude on the Bonne grid thus had definite coordinates on the rec-
tangular grid, In fact, any point on the Bonne projectior could have itz i
vosition expressed in coordinates on the rectangular grid,

Celection of linear scales

22. The scope of the project und the requisite vertiocal secale maie
use of an undistorted model impracticable. The horizontal senle selected ‘
for the model was the smuallest deemed capable of repraducins flow condi-
tions reliably, while the choice of wvoertical scale wns covernad by the rro- r
cision required. The scales ffinally selectod for the MBM Ll beon awoed
succersfully at the WES on earlicr model stulies of flocd=c-ntral prbhler -,

[t was established that thece scales, with the reonltines Ii-tortion, woro

capible of reproducing relinble ctare-discharme rolatioma

Farlicr moiels




had also demonstrated that as long as this relation was reproduced it was

rermissible to vary, within limits, the theoretical velocity, discharge,
and time scales., The scales of the MBM were changed from the theoretical
scales in order that the lower end of the model, where slopes are small ard
velocities are slow, could be adjusted to reproduce prototyne occurrencec,

23. Model-to-prototype scale ratios are as follows:

Actual Theoretical
Horizontal dimensions 1:2000 1:2000
Vertical dimensions 1:100 1:100
Time 1:267 1:200
Discharge 1:1,500,000 1:2,000,000
Velocity 1:7.5 1:10

Model limits

2Lk, The MBM reproduces the entire drainage basin of the Mississipoi
River and its tributaries, which includes 41 percent of the continental
inited ctates and part of Canada from the Rocky Mountains to the Appala-
chian Mountains and from just above the Cunadian border to the Gulf of
Mexico., The entire drainage basin, covering 210 acres in the model, was
graded to approximate elevations and was sodded to prevent erosion. The
river channels and overbank flood areas were molded in concrete (this is
the arean used for testing). The initial plans tor the model included the
conctruction in concrete of all major streams in the basin to the head-
watera, iowever, during the construction period, it became evident to the
R Eoard (a group established in August 19hs charged with determining poii-

cies and programs for development and operation of the model) thuat certain
arcas of the basin, particularly the upper limiis of some tributaries, that
had been initially scheduled for construction in concrete were ne longer
nee:xied in the model, Consequently, the completed concrete portion of the
moiel 15 econsiderably less than that initially planned. The concrete por-
tison of the model consists of the Mississippi Hiver and its tributaries
from Hannibal, Mo., to Baton Rouwre, La., and the Atchafalaya River to the
ule of Mexico, including the Missouri River to Sioux Uity, Towa, the ohi:
Ziver to Louisville, Ky., the Cumberland River to above Nashville, "Jenn,,

the Tennersee River to Pickwick Dam, the Arkansas River to above

- At e




Tulsa, Okla., and the Ouachita River to Monroe, La. The mcdel limits 4re

shown in fig. 1.

Physical data

25. The bulk of physical data required for the design, construction,
verification, and operation of the MBM was furnished by the Livision and
District offices. Close liaison was maintained between the Divisions and

Districts and the WES. Fhysical data assermbled for use included:

a. Surveys (hydrographic, topographic, and aerial vhotographic).
b. Valley cross sections.
c. Levee grades and alignment.
d. Infermation relative to railroads, highways, bridges, etc.
e. Location and extent of levee crevasses and washotts,
f. Streamflow data (discharge measurements, stage measurements,
rating curves, water-surface profiles).
g. Aerial photographs and flood pictures.
Preparation of Model Site
Topography

26. Since the model site of 200 acres would develop into a giant
relief map of the drainage basin of the Mississippi River requiring a
maximum difference in elevation of 50 ft, selection of a site that would
require a minimum of grading presented a difficult problem. The site
finally sele~ted was located in gently rolling terrain. It had as close a
resemblance to the natural features of the Mississippi Basin as could be
found anywhere near the WES. Nevertheless, approximately 1,000,000 cu yd
of excavation was necessary to produce the required topography. The grad-
ing of the site was unusual in that topography consisting of ridges and
valleys was formed rather than the usual grading operation in which a more
or less level surface 1is desired.

POW labor

2T7. Actual work on the model site was begun with German POW labor in
August 1943, Most of the prisoners interned at the POW camp were from
Rommel's famed Afrika Korps. By the time the prisoners were repatriated in

March 19L6, most of the rough grading of the site for the model proper was

10
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completed--the prisoners had moved a total of 1,000,000 cu yd of earth, dug
a drainage ditch around the upper limits of the model, and installed most
of the storm-sewer system underlying the site.

28, When the prisoners were first assigned to the project, they
showed much enthusiasm for the work which consisted mostly of clearing

and grubbing and road construction. As a majority of the work changed to

excavation with wheelbarrow and shovel, a general slowdown was noticed and

a real indifference developed toward the work. In orgsnizing the details

to move dirt with wheelbarrows, it was found necessary to put the prisoners
on a task system wherein they were required to move a certain amount of

dirt during a given period of the day. The prisoners were used not only as

common laborers, but also as surveymen, draftsmen, computers, engineering
aides, inspectors, mechanics, cooks, and clerks. In general, their work o
was satisfactory except for the common labor group for whom the task sys-

tem was found to be necessary before much work could be obtained. Fortu- |
nately, these ancient methods of moving dirt did not last many months,
and heavy earth-moving equipment was used to complete the rough grading.

Grading and draining

29. In preparing the original grading plans for excavation, the cuts
and fills were balanced for a haul not to exceed 500 ft in as many areas as
possible. Limiting most of the haul to 500 ft was necessary ip order to
use POW labor for moving the dirt with wheelbarrows and shovels. This re-
duced to an absolute minimum the amount of heavy equipment required. 1In

grading the site, great care was taken in compacting the fill which *_

amounted to as much as 500,000 cu yd in the upper and lower Ohio River

Basin alone. Obviously any settlement of the fill would have been disas- '

trous to the model., The fill was made in accordance with standard con-
struction procedures--by placing the earth in 8-in., lifts, obtaining the
proper moisture content, and then rolling with sheepsfoot rollers to obtain
the desired density. Placing the fill in layers also simplified the shap-
ing of the topography. Contour maps were prepared to show the extent of
each lift, or of several lifts, so that the proper shape of a ridge or
valley cculd be obtained.

30. Plans for drainage of the model site included the rerouting of

11




a creek that flowed through the center of the area selec-ed for the madel
and the installation of an extensive storm-sewer system to control runcff
from rainfall on the model area. A drainage ditch was dug around the
eastern and southern limits of the model to divert the flow of the creek
around the model area. A storm-sewer system consizting of arproximately
85,000 linear ft of pipe ranging in size from & to 60 in., was installed
with inlets scattered throughout the entire 200-acre model site., The site

preparation was completed by the fall of 19Lé,

Construction of Model

31. <onstruction of the concrete portion of “he model was begun in
1946 and continued at a varying pace due to a lack of funds until its com-
pletion in 1966. The concrete portion of the model covers so large an
area that it had to be constructed in sections with exransion jeints
tetween the sections to absorb the expansion and centraction of the con-
crete, Individual blocks were outlined on contcur maps with a view toward
keeping the blocks about 150 sq ft in zizne nnd rectansular in shapre with

the ends perpendicular to the channel alignment. In the begsinning, the

LS
model was constructed in place on a carefully nrerarad subsrade by the
template method of constructica (the method generaily used in model con-
struction), However, because an exvanding clay beneath the model caused
excessive heaving of the model, 2 new method of construction {(the contour
method) was developed in 1953. Using this method, the model was molded on
an assembly line, transported to the model site, and placed on concrete
piles. This method was very effective in stabilicning the herizontal plane

of the model., These two methods of model construction are desceribed below.

Template method

32. The template method utilized sheet-metal templates cut to the

o]

cross sections obtained from topographic maps and set about ft arart o
the correct elevation on the model site in pnsiticons located by the rec-
tanpular grid system. Concrete was placed between the templates on the
carefiully prepared subgrade and molded to correct elevations it the tem-

plates. ‘The topography was manually skefched between the templatoes under
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close control.  Hydrographic and topngraphic maps, aerial photographs, and
valley cross sections were used in developing the templates and sketching
the model., Model channels were molded 0.1 ft low to permit future instal-
lation of roughness without infringing on the model channel area. Fig. 2a
shows the model being constructed by this method.

Contour method

33. The contour method of model construction was developed by WES
personnel in 1952 and was used for constructing the remainder of the model.
Contour maps of the sections to be molded were enlarged to model scale and
used as construction plans.

34, Box forms for each block were made of plywood with the sides of
the box cut to the configuration of the boundaries of the block, and the
model-scale contour maps were put in the bottom of the box. Strips of 22
gage metal 1/4 in. wide were bent to conform to the contours. Metal rods,
1/8 in. in diameter and cut to the height of each contour, were installed
in holes drilled in the bottom of the box along the contours. The metal
contours were inserted in slots in the topr of these metal rods making «
relief map of this section of the model. Screw jacks, to be used to sup-
port the block on piles at the model site, were placed in the box. Con-
crete was placed in the box and molded to the contours and brushed to a
sand finish., Channel roughness elements were installed and curing com-
round was sprayed on the finished block. Fipg. 2b shows a block being con-
cstructed by the contour method.

35. The blocks were allowed to cure for seven days before the side
forms were removed, and then the blocks were carried by truck to the model
site, The blocks were lifted from the truck and placed on 8-in, bell-
boltom concrete piles that had been poured in place to a depth of 10 Tt
wiiich 15 generally below the expanding clay and where the meoisture content
io more or less stable., Metal bearing plates had been placed on “he piles
o vecoive the screw jacks. When the blocks were set to the correct prude
vold of a2bout 1 ft was left between the ground and the blocks to prevent

A arver layer of soil from pushings the block unward when it expanded

13
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a. OSections being molded in place to templates
set about 1.° to 2.0 ft apart

Gections molded to metal contour on ascembly line,
then transported to model site

Template and contour methods of model conatruet fon
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Installation of joint material

3. Many types of joint material were used during the constructicn
of the model, but none have been effective in preventing leakage for a long
period of time. The last method used and the most effective one consisted
or forcing a thick rubber tube in the joint about 1 in. below the surfuce,
filling this space with gun-grade caulking compound, and covering the jeint
and about 1 in. on each side of the joint with a thin strip of sprayed or
brushed on cocoon {an elastic substance with fibers for strength). If

cracks occur in the joints they can be patched by brushing a layer of fresh

cocoon over the crack,

Installation of fills

37. Levee, highway, and railrcad fills were installed on *the model
as they existed in nature. Federal levees and many vrivate levees wer2 in~
stalled to alignment and grade furnished by the variocus Districts. Federal
and State highways and many local roads were installed to location and

height furnished by the various State highway departments. lost railreca

joN

£i1ls were installed according to plans furnished by variocus railrcad com-
panies, The remainder of the fills were installed as shown on flocdrlain
and quadrangle maps.

Installation of roughness

38, Channel roughness elements consisting of brushed and scored -~on-
crete, concrete ridges, and concrete and brass parallelepipeds were in-
stalled to size and spacing determined from computations and v»ilot medel
studies. Prior to construction of the MBM, a pilot model was built and
tested to aid in the solution of problems concerning the design ani cpera-
tion of the MBM, Tests were conducted on the pilot model to determine -he
tyre, size, and spacing of roughness elements necessary on the MEM to simu-
late prototype roughness of each reach. The most satisfactory channel
roughness elements tested were 3/8- by 3/8-in. brass parallelepipelds of
various lengths installed on 2-in. staggered svracing.

39. Folded screen wire cut to the scale of the average height of
trees in the area was placed on the model where aerial photesraphs showed
trees in the prototype. FExpanded metal was fastened te the nodel on

~leared areas where the brushed conecrete did nnt vravide adeyaate

16 i
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recistunee to flow, In some cases two and three layers of owxronded metal

were rogalred,  Fipg, 3b shows the various tyres of rougshnoss uied on the

medel,
40,  The model was constructed in sections to rermit tecsving of chort

reaches as well as of the entire basin. These scetions were built with

removable blocks that make a continuous model when installed, but when

rermoved they divert the flow from the model *to a 90-deg V-notch weir,.

.

where the flow is measured, and to a pipe system that returns the water to

a sump for storage and reuse.




PART IV: INSTRUMENTATION AND APPURTENANCES

Develonment and Procurement of Instruments

Automatic instruments 2 requisite

L1. From the earliest stages of the development of the model, auto-
matic instrumentation was considered desirable and necessary. In the Mis-
sissippi Basin the streams vary from alluvial streams with broad valleys
and slow flood-moving characteristics of the plains and delta to the steep
mountain streams subject to flash floods in narrcw valleys. Flood waves
in the streams of the plains and delta, which sometimes extend over a
period of months, o uld be reprcduced accurately in the model wi<h manually
operated instruments; but it was considered extremely difficult, if nct im-
possible, to introduce accurately flash floods on mountain streams =nd
chart their movements with manual instruments., For this reason automatic
instrurentation appeared to be a requisite for conducting success:ul tests
of flood waves on these streams.

42. The enormous amount of manpower required for manual operation of
the model as originally projected was another factor that made automatic
instrumentation desirable. A staff of about 600 would have been necessary
for total manual operation. Training and maintaining a force of this size
would have been a difficult and most expensive operation; hence, mannual
operation was considered undesirable from the standroint of labeor and cost,

Instrument ovroblems studied

43, Approximately four years, 1943 to 1947, were devoted to the
study of the problems of automatic instrumentation and to the testing of
commercial and pilot instruments embodying varicus design principles. In-
strument manufacturers throughout the United States {(about 125) were con-
sulted. A thorough investigation of the commercial instrument market dis-
closed that available instruments did not have the accuracy of measurement
or the range required for use on the model. With 1/10 ft in protortyre
stage reprecented by 1/1000 {t in the model, 1 hr by 13-1/2 sec, and dis-
charge of 1000 efs by 7/10,000 cfs, it can readily be seen that instru-

ment 3 must possess great precision capabilities to measure accurately such

18
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minute jquantities. In general, the specification for the model instruments
presented extraordinary problems for the instrument companies, and it €i-
nally became evident that the instruments would have to be specially ide-
signed to accomplish the required results.

LL, For the sake of economy, instruments that could be interchunged
wvere considered necessary. Complete interchangeability was not accom-
plished in all of the different types of instruments, but it was accom-
plished to a beneficial degree. liear the end of the fourth year of re-
search enough knowledge and information had been acquired to write the
specifications for tne automatic instruments. The manufacturing companies
were invited to bid on the instruments and to submit designs “or instru-
ments other than those described in the specifications that could accom-
plizh *he desired results. Consequently, some of the instruments acguired
ani ncwWw in use were not described in the specifications.

Instruments purchased

LS. On 20 July 1948, contracts were awarded to Infilco, Tnc.,
Cnicamo, Il1l. (now of Tucson, Ariz.), for 76 inflow ins*truments and to

“eurold and Stevens Instruments, Portland, Oreg., for 160 stage instrurments.

Description of Instruments

o

nflow lnstruments

46, The inflow instrument consists of a controller at the inflow
vcint on the model and a programmer in a control house. The inflow con-
troller is a multiple orifice device for controlling guantities of flow.
There are 13 (in some instruments 1L) fixed-opening orifices in each con-
troller mounted on a plate between lower and upper cylindrical tanks. A
rubber stopper closes each orifice until an electrical signal received
from the programmer activates a pneumatic or magnetic lifting device that
1li®ts the stopper and allows flow to pass through the orifice, A regulat-
inz system maintains a constant differential pressure acrocss the orifices
o ussure accuracy of measurement.

L7. The inflow programmer, a multiple electrical switch device,
32nids the electrical signals to the controller to operate the ori€ices in

“i.2 proper sequence to provide the desired flow into the model. The

19
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programmer can be operated manually from a panel of switehes) each of wiich
operates a particular orifice, or uutomatically from a rerforated tape that
passes over a tracker bar which reads the pertorations and activates lead
switches that send electrical sirnals to operate the desired orifices., The
automatic feature of the provramrer (o based ~np *he voonum rrineivie ~risi-
nally used in player pianos some L0 years agn anl in recent vears 4o M
ate automatic typewriters. The programmer tapes are perforatoed by oa
machine resembling a typewriter,

Stage instruments

L8, The stage instrument is composed of a transmitter and a re-
corder with a telermetering circulit consistine of two selsyn motors—-cne in
the tranorit=ar ani the otner o the recorder--connect~3 by an electriceal
cable, The stare tranzmitter, located over the mcdel channel, measures
the water-surface elevaticn by means of an electronic sensine prcbe and
transmits this elevation to =z reccrder located in a control house. A ren
on the recorder continunlly records the water-surface elevation on 2 chart
that is turned at a given rate to give water-surface elevation verszus time.

Outflow instruments

L9, Discharges at various points on the model are obtained yoii~
verting the flow of water at that voint throush a pire to an outflow pit
and over a 90-dey V-notch weir., The head over the weir is measured with
a stage instrument and converted to discharge by means of a ratings table
developed for the weir. The stare just upstream from the outflow point is
controlled by a metal tab in the channel or a movable weir in the ocutflow
pit. This is done to provide the correct model storase zo that the dia~
charge measurement would be comrarable to prototyre discharges.

The timing unit

50. The timing unit consists of a master timer and a calendar that
indicates the month, day, and hour in model time. All autematic instru-
ments on the model are controlled by the master timer, which is a synchro-
nous motor geared to cams that actuate relays to synechranize operation,
The timer gives electrical impulses at 13.5-sec intervals {cne prototype
hour) which advance the perforated rolls of the flow rrosrammers and oper-

ate a calendar in each control heuse.  The calendar consist: of a series

!




.-

S BUNS - SUURRGRIFSFPT TN PSR . ARPYION- o BT NELE TR LR SR —— "

of relay circuits that osperate lamps on the nnnuneiater parnel indiceating
the month, day, and hour so that model time can be visunlly observed while
fleoods are being tested.

51. The operation of all instruments is governed from Llhe contrel
houses. In preparation for a test, the timer, the calendur, the prosran
rolls in the inflow programmers, and the recorder charts on the stage re-
corders are set for the month, day, and hour of startine *ime; then by
means of a single switch all instruments in the control house 2nd on the
model are started simultaneously.

Instrumentation report

2. A more detailed description of the instruments and how they

function is given in MBM Report 1-5, Automatic Instrumentation of the Mis-

sissiopi Basin Model, written by Mr. H. C. McGee, Chief of the Xissis

0

-
3
e
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Basin Model Section for 15 years. Fig. L shows a typical layou: of the

instruments on the model and in a control house.

Operational Data Systems

Contrel houses

53. Centrally located buildings on the major streams for housing the
flow programmers, stage recorders, and automatic calendars provide control
centers for the automatic instrumentation and are known as the control
houses (fig. 5). The humidity and temperature within the houses are con-
trolled to minimize changes in dimensions of the stare-recorder charts,

“here are six control houses on the model:  three on the Mississippi River

by
i

at Ct, Louis, Mo., Helena, Ark., and Baton Rowre, La.; one on the HMissouri
Niver at Kansas City, Mo.; one on the Arkansas River at Fort Omith, Ark.;

and one on the Ohio River at Cincinnati, tOnhio.

!

|

|

Data~transmission system '
5h. An underground data-transmission system permitsz remsts record-

ing of stage data and remote control of inflow instruments from (he control |

houses. Eipght-conductor cables connect the stayre transmitters o the nodd

with the recorders in the control houses, and CO-conductor cablos foeaoemi
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3 flow data from the prograrmers in the control houses to the inflow control-
lers installed on the model.

Communication system

55. A two-way public address system is installed at each control g
house for communication between operators in the control houise and those on
the model. Outlets are provided at approximately 200-ft intecrvals on the
model for the outdoor combination speaker-microphones; the two-conductor
cable for the system is underground. Microphones in the control house are !

portable and separate from the speaker.

I

. 13

Compressed air system 1
]

56. A central compressor station was built to supply compressed air ‘

tc operate the inflow contrcllers, A filtering and dryin

stalled in the compressor station to remove certain impurities and moisture
from the air. Air lines were installed from the station to each inflow
controller,

Master timer signal line

57T. A four-conductor cable transmits signals from the master timer

to the contrel houses. The line does unot originate at any particular peint,

but makes a continuous circuit between all control houses.

Utility Distribution Systems

Water supply svystem

58. Water is supplied to the model from a recirculating system, con- ‘
sisting of a large sump, 80 ft by 50 ft by 9 ft; two 2500-rpm, 150-ft head,
vertical, turbine type pumps; a 500,000-gal elevated tank mounted on a

tower approximately 98 ft above the model; supply lines to the inflow in-

struments on the constructed model, and return lines to the sump from the
outflow points, where the wuter is diverted from the model. About 30,500
linear ft of supply and return lines of Y- to 30-in. nipe have been 1uid,
The operation of the model as a unit requires a dis~harge of 2.0 ofs or
about 1000 gom, the penk flow required to reproduce the project flood in
the lower HMississippi River. When several parts of the nmodel are operntei

simultaneously, but independ-:ntly, the volume of water required is muen

oI




greater. Provision was made for expanding the water supply system to in-

clude two additional 2500-gpm pumps if needed.

Electric power lines

S ol

59. Overhead power lines extend from the main cupp’y lines to the
control houses, whereas lines from the control houses to the instruments
are underground. Special provision was made for floodlighting to permit

operation of the model at night.

25
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PART V: OPERATION

60. Although construction of the model was in progress until 1966,
individual sections were put into operation as early as 1949, As a section
of the model was completed, the roughness added, and the instruments in-
stalled, it was verified (i.e., made to reproduce prototype occurrences)
and operated for local testing. By 1959 the model had been completed and
verified downstream to Memphis, Tenn., and basin-wide testing was begun
above Memphis. By the time the model was completed and verified to Baton
Rouge, La., the basin-wide testing above Memphis was completed and these

tests were conducted in the Memphis-to-Baton Rouge reach.
Verification

61. A recent flood of considerable magnitude, preferably the maximum
flood of record, was selected for each reach of the model to use for veri-
fication. The model equivalents of the flows for this flood, from the low
stages to the crest, were introduced at the model inflow points and the
channel and overbank roughnesses were increased or decreased to make the
model stages reproduce those of the prototype. With the model adjusted to
reproduce past occurrences, it is expected to produce occurrences that may

be experienced in the future.

Local Testing

62. Various types of tests have been conducted on the madel to aid
in the solution of local problems. Tests have been made to assist the
Divisions and Districts in determining the design grade of levees; the ef-
fects on stages and discharges of constructing certain levees; the effects
of crevassing certain backwater levees at different times during flood
crestsy the crest stages and discharges to be expected from certain hypo-
thetical floods; the effects of highway, railroad, and levee rills on

flood stages; the effects of various types of reservoir operation; cte,
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(rable 1 lists the local tests conducted on the model and the title and
identification number of the report published for each test, )

63. The most spectacular use of the model was during the April 1952
flood on the Missouri River when the model was used to predict flood stagesz.
This flood was expected to have a crest discharge of almost twice the maxi-
mum flood of record at Sioux City, Iowa. The Missouri River Division (MRD)
requested the WES to operate the MBM 24 hr a day during the critical period
of the flood to assist them in predicting crest stages and discharges. The
MBM was operated 16 days on a 2k-hr-per-day basis and there were over a
hundred telephone calls between the WES and MRD in which prototype condi-~
tions were given to the model personnel and model data were furnished MRD
personnel. The first model tests indicated that the levees at Omaha and
Council Bluffs were not high enough to contain the crest of this flood.
After this prediction, the RD evacuated the areas and built up the levees,

When the flood crested at Omaha, over five days after the model warning,
the original grades of these levees were exceeded, but with the additionnl
heisht, they contained the flood and prevented Omaha and Council Blufrs
from being flooded. The model tests also indicated other levees that
should be raised and others that would be overtopped to such an extent that
time would not permit raising them sufficiently to prevent them from being
overtopped. From this information "RD perscnnel were able to concentrate
their efforts on building up levees where there was a chance to vrevent
overtopping and evacuating veorle and their property from other areas,

iRD personnel said the model was one of the vital factors in the success

of the flood fight which prevented flood damages of an estimated £65,000,000

and possibly loss of lives.

Basin-Wide Testine

6. The comprehensive testing program was berun in Fiscal Year (¥7) :

1799 in the Hannibal, Mo.,-to-iMemphis, Tenn,, reach of the model which in-

clardes the Missouri River upstream to Sioux City, Towa, and the Ohio River
+ gy bl

upstream to Louisville, Ky. The prortion of the model downatream of Mem-

vais wies not completed and in order to sneed up the testing vrogram, it ]

27
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was decided to conduct these tests in two parts: above Memphis and below
Memphis., The tests above Memphis and the verification of the remainder of
the model were completed in FY 1966, Comprehensive tests were begun in

FY 1967 in the Memphis, Tenn.,-to-Baton Rouge, La., reach including the
Arkansas River to Little Rock and the Atchafalaya River to the Gulf of
Mexico. These tests were completed in FY 1969, These tests and the re-

sulting data are discussed in MBM Report 29-1, Comprehensive Testing Pro-

gram, Hvdraulic Model Investigation, dated August 1971.

Model Put on Standby Bacgis

65. The las+t scheduled tests for the MBM were conducted in May 1971.
With no tests scheduled, the model was put on a standby basis until further
testing is requested and funds for these tests are authorized. Even though !
the model is on a standby basis, it is open to visitcrs. (Since the prep- g
aration of this repert, additicnal tests were undertaken and scheduled

for completicn in September 1071.)
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PART VI: PUBLIC ACCESS PROGRAM

Need for Sightseeing Facilities

66. In July 1961, it was noted that the MBM was not included in a
Jackson, Miss., Charber of Commerce folder showing points of interest to

visit in and around Jackson. The MBM Board felt that the largest hydraulic

model in the world would be of interest to tourists and should certainly be

included in such a folder.

Facilities Provided

67. In FY 196L, construction of visitor facilities was begun to
provide "self-guided" tours from 8:30 a.m, to 3:30 p.m. on a seven-day-a-
week basis. These facilities include a visitor assembly building near
Cairo, Ill., a 40-ft observation tovwer nearby, an operation observation
room near Memphis, Tenn., and elevated platforms, walks, and sidewalks at
selected locations on the model. The visitor assembly building contains
restrooms and a lectern area with various maps, pictures, and other visual
aids to provide visitors with information about the model and other work
done by the WES and U. S. Army Engineers, The self-guided tour begins at
the assembly building with a recorded lecture giving the history and other
pertinent information about the model. The observation room is located in
a portion of one of the control houses behind a glass partition where
visitors can observe the model instruments in operaticn and hear a recorded
lecture concerning the operation of the model, The elevated platforms,
walkways, and sidewalks are near the model to provide visitors with a clrse !

look at various details of the model such as levees, highways, roughnecs

elements, floodways, and other flood-control works,
68. The model is now publicized on road mars and in various fonrist
rarphlets and macazines,  An average of 5000 peorle, including foreiyrn —nzi-

neers, engineers, CE officials, and siphtoeers in seneral, visit the ME

onek yenr,




PART VII: ADMINISTRATION OF PROJFCT

Planning

69. The preliminary study concerning the feasibility and practica-
bility of a hydraulic model of this tyre and the investigation of suitable
sites for such a2 mecdel and the FOYW canp were made by personnel of the LAVD

and WES under supervision of the President, MRC,

Land Acquisition and PCW Canmr

M

70. The zurchise of lands for the model and ~he PCW camy and the
construction of the buildings for the POW compound and employees of WED
were accomplished by the Mobile District under the surervision of the Scuth
Atlantic Division. As stated previously, prisoners of war were furnished

by the Provost Marshal General.

Construction and Overation of Model

Tl. The design and construction of the model from its leginning
until August 1945 were supervised by personnel of the WES under the direc-
tion of the MRC. In letter of 19 July 1945 to the Chief of Engineers,

GEN Tyler, President, MRC, noted that rrogress on the model indicated that
the heavy construction work on the model would be completed during that
calendar year. He said,

It is believed that the policies and proprams for the
subsequent development -4und operation of the model, so
that it may serve the best interests of the Devartment
in connection with reports and project studies, shculd
be formulated with the active colluaboration of other
Division Engineers who are alreadyr interested in the
model through their participation in finuancing, fur-
nishing of surveys and data, and other acsistance,

72. In the same letter, GEN Tyler continued,

It i35 believed that the desired collaboration can best
be attained throwsh establishment by the Chief of Frgi-
neers of a special board for the Misoiscippi River
Codel,




. . . e -,
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He then recomrmended that the Jhief ~f ¥ncineers establish the board by ar-

oropriate orders et ovrer el what the bourd be compos-~d of the followins
membership:
President of <he Linri - @regiden:t
Secretary - Tirvector, WHC
Members - Opecial

Chi
Division

Division
Division
Division

Mizsiszsippl Basin Model Board

]

73. The Chief of Engineers in Genernl Orderz lo. 12 of 4 August 19L5
established the Mississippi Basin Model (MBM) Board consisting of member-
zhip as recommended by GEN Tyler with responsibility for determining
policies and programs for subsequent develorment and overation of the
model--one of its chief duties being to study and approve yearly constirue-

tion programs and 2llocate funds for these vrograms, The Trosident

+

was lesimnated president of the board and the Director, WEZD, was made re-

IS

corder. The board hield its first meeting on 8-9 October 12L5

74. By General Order No., 16, dated 1 November 19L0_ the senior =ffi-
2er of the BN Board was made president of the board vice the Fresident,
“RC, who continued zs a member of the board. By General Order No. €,
inted 5 March 1957, the Fresident, MRC, was again made president of the
toard without regard to seniority, and the Director, WHEE, was made a veting
menver,

75. Since its establishment the board has held 27 meetings--one -=n

(RN

vear except in 1948 and 1960 when two meetings were held. The dates and

nlaces of meetings of the board and a list of the members attending are
table 2.

Cuheommicstee on Jses and Benefita

745, The MEBM Bonard at its sixth meeting on 13 March 1990 establiizihisi

Valley Division was abolished in ¥Y 1057 with i°:x
divided between the lLower HMississippi Vallev [ivi-
derth Central Division (LCD).

(o)
i
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the Subcommittee on Uses and Benefits to evaluat. “he b ris o Lyruptad 4o
be derived from the MBM, A member from each Tivici-n -ao: <vee  Foioe, Opief
of Engine¢rs, was appointed to this commitice wnil the Dlre o v WD was
made ex officio chairman. The committee met on 30-31 Onr sbar 1997, 12 Da-
cember 19530, and 12-13 February 1951. The committee report was submittied

to the MBM Board at its seventh meeting on 14 March 1951, Table 3 lists

members pregent at each meeting.,

Committee for Development of Future
Ceonstruction and Operation Programs

)
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77. The president of the MBM Board in col

romber: in December 1950 formed the

Jonstrucolcn unt Operasion Frogrars
sion and the Cffice, Chief of Engineers, w2z aprcinted to the committes

with the Director, WEC, as chairman. This committee met 12-13 February

1951 and presented its report to the MBM Beard at its seventh meeting on

1k March 1951. Members attending the meeting are listed in table 3. .

Mississippl Basin
Model Working Committee

78. The MBM Board at its seventh meeting on 1 llarch 1951 estab-
lished a permanent committee called the ississipri Basin XMedel Working
Committee. The committee was formed to take the place of the Subcommittiee
onn Uses and Benefits of the MBM, which had been arvointed at the be-~3's
sixth meeting in March 1950, and the Committcoz for “he Develovrment of
Future Construction and Operaticn Programs apvcinted by the vresident of
the board in collaberation with the board members in December 1950. The
working committee was directed to assume the respensibiliti s and duties of
both of these temporary committees-—--continuing to evaluate the benefists de-

rived from the model's use, plan and onrepare yearly prosrams for construc-

0

tion and operation of the model, and make specinl investigations a
Jirected by the board,

T9. The workings committee 15 composed of a revresentative from the
Office, Chief of Fngineers, and one from ecnch of the five Divisions in *he

Mississippl Basin: the LMYD, WD, MRD, ORD, and WD, The Director, Weo,

9]

had 37

iz -he ex officio chalrman of *he committee. The cormities hac
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meetings and has submitted 18 wnnual reperis to the 1BM Soard. The dater
and places of the committee meetinegs and the memhers participating are
shown in table 3.

enensive Test-

r
ing Program Subcormittee

80. The MBM Working Committee, feeling a need for closer lianison be-
tween the Divisions and the WES in the comprehensive testing preogram, es-
tablished a "Comprehensive Testing Program Subcommittee" at its eighteenth
meeting on b4 May 1961. The duties assigned to this committee were to work
with enrineers of the WES in analyzing the data obtained from ti: model, in

making reccmrendations for modifications of the tes*ing program, in rro-

posing new testing programs, and in seeing that the data required for oper-

first meeting of the subcommittee was held with the working commitiee -on

12 July 1961, for the purposes of acquainting the subcommitiee members wit:
their duties and of furnishing them backgsround material for carrying on
their work,

8l. The subcommittee held two 3- to S-day meetings every fiscal
following its establishment, excert in 196k, when only one meeting was heli.
The subcormiittee submitted seven annunl rercorts te the working committee
and held its thirteenth and last meeting on 27-29 Tebruary 1963. The da<es

and places of the committee meetings and members vnarticicating are shown I

3

“atle L, Upon the completion of the comprehensive testing program, the
subcommittee was dissolved.

Jomputer Study Group

82. In correspondence dated 1T November 1967 from the Office, Chief
o1 Engineers, to the President, MRC, it was suggested that the MBM Board

Jubmit pertinent recommendations concerning the advisability of develcpine

comprenhensive computer programs for use after testing is terminated on tue %
model. The working committee was of the opinion that comprehensive com-

puter programs should be developed and that model tests could be helvful in

developing these programs, especially in determining the effects of levee

crevnsies, operation of floodways, ete. Accordingly, the working committee

vrepared a Technical Studics Work Flan {TOWE) for a Mississippi River Pasin :




Computer Application Study and recommended its approval., The MEN Board oo
its twenty-fifth meeting on L4 June 1968 approved, in principle, the 7IWT
and instructed the working committee to establish 4 work group to develon
a more detailed TOWY and to conduct the study.

83. The working committee orgunized the Computer Study Group and met
with its members oun 21 October 1968 to prenare guidelines for the Computer
Study Group to use in develoning a more detailed TCWP and in conducting *he
Computer Application Study. In addition to this organizational meetine,
the Computer Study Group met on 23 Cctober 1969, and develoved a Computer
Application Study Plan to present to the working committee.

84, Attendance of members at the Comruter Study Grour meetings was

as follows:

Office Dates of lfeetincs
Revresented 21 October 1068% 23 Qctober 1902 7 January 1971%

WES M. B. Boyd¥*¥ M. B. Boyd¥** M. B. Boyd*¥

OCE A. L. Cochrant A. L. Cochran Verle Farrowt

LMVD R. E. Lougue R. E. Louau R. E. Louque

MRD C. W. Timberman C. W. Timberman C. W. Tirmberman
QRD J. T. Mitchell, Jr. J. 7. Mitchell, Jr., J. 7. lMitchell, Jr.
SWD R. L. Hula R, L. Hula R. L. Hula

NCD 4. O. Reese - David Sveun

FEC - L. R. Beard A, J. Frederich

*  Computer tudy Group met with working cormittee,
*%  Coordinator of group.
+ Represented OCE on working committee and Jomruter Study Grour.
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85, The financineg of tre molel has e throeh o sequence that 1o
very unusual, The consrtructinn nnd redotenanes oot oy in Lhe beginning,

were charged to the Divicions navics cections ©o be repraoduced in the model.

Later, the constructicn, milntenaoey aml verifiontion were finunced with 4

direct uppropriaticon from Tonerecs o with the UV raving for the construction

of the Iower opd o i Tl ey Haoding AL oreration of She model ex-

cept for *he compronencive seaslne progean (which war oo bacin-wide testing

program) wis paliofoe bl the Jivicl oo op District requectine the testz,
The oot 3l o bl r Tl v clven in cabtles 527, The
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total expondlit e v e ool Wl S0, 08,000 o shewn In table 4 with
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$13,L79,000 f wnicoee oot crent o comstruction and meneral maintennnee
(table A) unl 24,0 [0 spent U peration and ostamdby maintenance

(table 7).

o et o and General Uaintenanes

P
!

Coets nrerated to

86. From the besinnirs 8 the vroject chroaeh 2Y 1047 che cost oo

443 Ll

the constructicn and mainton-oes ~0 Che SN wenr paid Cor by fhe Dlstreios s
with the vercentagme chargoed o coachn District beormined by 4o vrove rtion
of flood=-contreol storare velume (o oexizstins or authoricsed floocd-crcntrel]

reservoirs. The percentaces of the firat cost s and operation cocto were

prorated to the participatins Districts o 0o llows

Percent of Toetnl forcent of
First O
District Operat i-n Joat Nictrict Crernt

andd Wivatr oot oan

Pittsbursh 5 Poek Inland 3
Huntington = Albuypioryie 1
Cincinnati T Littie Rock 1

ouisville 11 Julsa 1
dnchville 8 Viekabure 10
Kansas City 17 Momphis :
St. Louls

A

3
32




tunds used for model construction were obtained from the revolving fund ret
up tor the operation of the WES with reimbursemen* being made by Divisions
and Districts from time to time on the aforementioned pro rata basis.

87. In May 1947, the Chief of Engineers approved the prorating of
the cost of the model to flood-control projects under construction in the
basin. This is the basis on which model construction and maintenance were
paid for FY's 1948 through 1956. Fach year after the aprropriations were
made by Congress for construction of flood-control projects, the Office,
Chief of Engineers, prorated the cost of the current model construction
program to the Divisions of the Corps of Engineers in the Mississipni Basin
on the basis of the ratio of conctruction funds allocated for flood-control
projects in the tusin, The Divisions in turn rrorated their pro rata
shares to the Districts on a similar basis.

Model becomes Congressional project

88. Beginning with FY 1957, the construction and verification of the
model were financed on a direct appropriation from Congress. It was recog-
nized that under the system of financing being used at that time, the con-
struction of the model would extend over a lengthy period and verhaps pre-
clude its use in current basin~wide flood-control problems. Tn view of
this, the model was established as a Congressional project with a special
appropriatinn, and 3L00,000 was approved for the vroject for ¥Y 1957.

89. OSubsequent requests for funds for the completion of the con-
struction, maintenance of the completed section, and adjustment of the
model were included in the budget to Congress under General Investigatiocns,
Research and Development. Funds in the amounts of $810,000; $590,000;
$682,500; $700,000; $700,000; $650,000; and $461,000 were approved and
provided for continuation and completion of construction and verificatiocn
during FY's 1958, 1959, 1960, 1961, 1962, 1963, and 196k, resrectively.

90, In FY's 1965-1971 funds were included in the budget request to
Congress to maintain the model and construct and maintain public aceess
facilities that would provide for self-gsuided tours of the model. Funds
in the mmounts of $150,000; $210,0003 £170,000; $160,000; 150,000 260,000

and 205,000 were authorized in ¥Y's 1965, 19640, 1907, 1968, 1969, 1970,

20

3
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and 1971, respectively. The budget request to Congress for FY 1972 in-
cludes $65,000 for maintenance of the model.

MRC funds construction

91. The lower 1imit of the Congressional project was the end of the
levees on the Atchafalaya River, but the MRC had need for a model of the
entire Atchafalaya Basin; therefore, it financed the construction of the

remainder of the Atchafalaya Basin.

Model Operation

Prior to FY 1952

92. The cost of model operation for the first two years (FY's 1951
and 1952) was divided equally among the three Divisions having operable
sections of the model--the MRD, the UMVD, and the SWD. This cost was for
the verification of completed portions of the model.

FY's 1950-1958

93. Beginning in FY 1952, the cost of model operation was charged
to rhe Division requiring the tests; however, if a Division iid not require
full-time operation of its completed portion of the model, it was charged
with standby maintenance®* for the portion not in operation. The standby
maintenance funds provided for keeping the joints sealed, the instruments
in good repair, and the model clean. The cost of nodel operation of any

one of the completed sections of the model was as follows: :

Cost per Division

Percent of “peration per Year )
100 $133,000
50 85,000
Standby maintenance
(no operation) 15,800

I a Division had partinl model operation, a proposrtionate share af these

coosts was charged.

¥  Otandby maintenance was disceontimied after the model became 1 lonprres-

sinnal project,




FY's 1959-1972

gh., In FY 1959, the comprehsnsive testing program {a basin-wide
testing program) was begun with funds provided by Congresz. This testing
program continued through FY 1969 with annual aporopriations from Conyress.
In FY 1970 Congressional funds of $40,000 were urprovriated to complete the
report of the testing program and to prepare this report. 1In FY 1971, Con-
gress appropriated $150,000 to conduzt a Computer Application Study. These
funds were approved so late in 1970 that the study could not be ccmpleted
in FY 1971; thus, it was necessary to carry part of this $150,000 over
into FY 1972 to complete the study.

95. During this veriod, all tests of local flood-control problems
continued to be sponsored and pald for by the Division or District requsst-

ing the tests,




PART IX: CONCLUSTONS

96. The MB!M has been a very effective tool for the engineer in nis
efforts to control flooding in the Mississippi River Bacin. !odel data,
having been used to aid in determining design heights of comprehensive
levee systems, to evaluate effects of various levee alignments, to check
reservolir operation procedures, to aid in flood prediction in the 1952
flood on the Missouri River, etc., have been useful in saving millions of
dollars in cost of constructing levees and other flood protection works, in
preventing or reducing flood damages, and in the establishment of param-
eters to be used in developing more reliable computer programs. Since the
comprehensive testing program for which the model was designed has been
completed and present-day computers have been refined and the’r memory
units enlarged to the extent they can do much flood-routing that was pre-
viously reserved for models, the need for the model has been limited to
special tests of local problems and demonstrations for local interests.

97. The !'BM was placed on standby and will be maintained in this
status until it is definitely established that there is no further need for

the model. The model and facilities will then be declared surnlus and

disposed of in accordance with existing regulations.




———e .t - - -~ . - T A

) X L e fm caees 3

T . R D em R T S o A e - . ..

rracs el ANl it e bt ma . oA bl L i b F S R o et Tl

Table 1
Tests Conducted on the MBM

e aadias

Ident
Sponsor No. No. Title Date
OCE 1 - OCE Abrupt Wave Study (Classified Project) Feb 1951
2 29-1 Comprehensive Testing Program Aug 1971
LMVD 1 15-1 Verification of Hannibal-to-St, Louls Aug 1951

Reach, Mississippi River and Tribu-~
taries, 1947, 19LkL, and 1943 Floods

2 15-2 Verification of Hannibal-to-Thebes Reach, May 1952
Mississippi River and Tributaries,
1947, 194k, and 1943 Floods

3 - Verification of Mississippi River and 1970 !
Tributaries from Thebes and Golconda to .
Baton Rouge on Mississippi River and ';
Gulf on Atchafalaya

L T Amb ik e al i Y St o
m—

4 31-1 Operation of Birds Point-llew Madrid July 1957
Floodway i

5 31-2 Adequacy of Project Levee Grades in Apr 1957
Hannribal-to-Thebes Reach, Mississippi
River and Tributaries

6 - Effects of Upstream Reservoirs on the Apr 1957
Project Flood--Vicinity of Confluence,
Ohio and Mississippi Rivers

7 81-1 Effects of Proposed Highway Fill Acrcss Jan 1959 }
Chouteau Island

8 81-2 Effects of Proposed Chain of Rocks Dam, Sept 1959
Mississippi River, Mile 190.1

9 31-3 Proposed Alignments for Cclumbia Bottoms Jan 1960
Levee, St. Louin Tndustrial Park

10 31-4 Mississippi River typothetical Flood 52A Sept 1Qu?

11 86-1 Effects of Roadway Embankment and Water- July 1966
way Openings of Prorosed Interstate
Hirhway 155 on Micsissipni River Floods

12 - Model Gtudy, Mississippi River at Jeffer- Oet 1967
son Barracks Bridiee

(Continued) (1 or ¢ sheet:s)
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Table 1 (Continued)

Sponsor No.

IMVD 13
(Contd)

14

15

16

17

18

19

20

21

22

23

2h

n
N

Ident
No. Title Date
- Demonstraticn of Flood Protection Works Feb 1967
for Members of Delta Council
-— Demonstration of Flood Protection Works July 1967
for Members of Various Levee Boards in
Lower Mississippi River Area
- Tests of the Proposed Industrial Develop-  Nov 1967
ment, Presidents Island
81-3 Effects of Roadway Construction on Missis- Dec 1967
sippi River Flow, Lake County, Tennessee
_— Demonstration of Flow Conditions Expected May 1969
at I-155 Highway Crossing near
Caruthersville
- Effects of I-155 and Lake County Roadways  Sept 1969
- Effects of I-155 and Lake County Roadways Sept 1969
on Mississippi River and Obion River
Flows
— Tests of Channel Realignment near Baton Oct 1969
Rouge, Louisiana
- Demonstration of Effects of Operating 014 Dec 1969
River Control Structure to Control
Stages at Acme, Louisiana
- Demonstration of Flood Protection Works Feb 1970
for Members of Fish and Wildlife Agen-
cies in Atchafalaya River Basin
- Effects of Tiptonville-Obion Levee on July 1970

Froject Design Flood and Steady Flow
Tests, Cairo-to-Arkansas City Reach

Tests of Proposed Loop Levees in the
Vicksburg District

Tests of Missiszippi River Rouling and
Storage Characteristics

Model Study of Effects of Fully Preotvect-
ing Backwater Areas in Mermphis and
Vicksburg Districts

(Continued) {(n ar

Sept 1970

Oct 1970

Hov 1970

£ sheets)
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Table 1 {(Continued)
Ident
Soonsor 1o, No. Title Date
IMVD 27 - Tests in the Lower Atchatalayva River Pasin Oct 1971
(Contd)
28  31-5  Effects of Height and Alisnmeat of Lovees 1971
Near Confluence of Missouri and Mis:is-
sippi Rivers
! 29 - Effects of T'roposed lLevees in Miller City 1971
} Area and Steady Flow Tests in St.
: Louis-to-Wickliffe Reach
30 - Tests to Determine the Effects of Enlarg- 1971
% ing Atchafalaya River and Lo Determine
: Inundated Areas for Various "lows
31 - Effcets of Operating 01d River Control 1971
i Structure to Control Stages at Acme,
i La.
MED 1 12-1  Verification of $ioux City-to-Hermann Apr 1952
Reach, Missouri River and Tributaries, !
1950 and 1947 Floods
2 12-.2 Veritication of Sioux City-to-Mouth Reach, June 1961
Missouri River and Tributaries, 1952
and 1951 Floods '
; 3 —_ Fort Randall Shutoff Tests Oct. 1951
i - Emercency Flood Tests During the 1952 Apr-ilay
Tlood 1952 |
) 5 - Determination of Flood Gtages Oet 1952 ;
i 6 - Demonstration ror ITown Power and Light Oet 1952
Co.
T - Demonstration for CR & § RR TPersouncl 19573
8 - Demonstration ror Members of “issourd 195k '
River Division and Micsicsierpl Yalley i
Improvement Association
i t0-1 Tosts of Channel Realirrment near Ot Vet 1004 '
Joseph, Mizsouri
i _ .
i (7ont inued ) (4 af 7 cheets)
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; Table 1 (Continued) !
! |
Ident 1
] Sronsor HNo. lio. Title Date
3 '
1 MRD 10 32-1 Effects of Agricultural Levees on Design May 19955
1 {Contd) Flood FProfiles for Kansas City Local

Protection

11 92-1 Effects of Flood Heights of Levee, Rail- Oct 1955
road, and Highway Fills in the Flocod-
plain of the Missouri River

12 _ Routing Characteristics of Missouri River Dec 1955
Troughs

13 L2-1  Hypothe=iozl Storms over the Iowa Oet 1956
Tributaries

1k - Demonstration for Cemmittee of Associn- 1957 !
tion of American Railroads and American
Railway Engineering Association

15 -— Demonstration for Missouri River Basin 1957
and Arkansas-White-Red River Basins
Inter-Agency Commission

16 322  Tests for Re-evaluation of llissouri
Agricultural Levees in the Kansas
District
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17 32-3 Tests for Re-evaluation of “issouri River May 1200
Agricultural Levees in the Omaha
District |

--A

18 - Tests to Determine Model Characteristics Nov 1069 ;
ORD 1 - Verification ¢f Cumberland River Aug 1959
i 2 13-1 Verification of the Pickwick Dam-Kentucky Dec 1040
! Dam Reuch, Tennessee River and Tribn-
' taries, 1950 and 1948 Floods
3 —_— Verificalion of Louizsville=to=folceonda Mar 1970

Reach, Ohic River and Tribularies

L h3-1  The Ohio River Hypothetical Flood (h=1 Feb 196
»
5 23-1 Effects of Rescervoirs and Results of June 1065

Cteady-Flow Tests, Cumberland River

(Continucd) (L of 6 sheetg)




mable 1 (Continued)

Cponzor  llo. No, Title e

CRD 6 23-2 Kentucky Reservoir Steady Flow Profiles Julr 19¢5
(Tontd) and Effects of Pickwick Discharse Dura-

tion on Downstream Ctages
7 - Tests for Lower Ohio River Apr 197

8 23-3 Effects of Cheatham and Barkley Reservoirs oy 1949
and Coordinated Operation of Barkley and
Kentucky Reservoirs, Cumberland and
Tennessee Rivers

9 33-1 Comprehensive Levee System—-Wabash Ziver, 1971
Riverton, Indiana, to the Mouth

10 - Effects of Proposed Gibson Power Plant on Apr 1971 |
Wabash River Flood Flows

WD 1 k-1 Verification of Tulsa-to-Van Buren Reach, Julr 1901

Arkansas River and Tributaries, Uprins
1941 and 1943 Floods

2 1k-2 Verification of Van Buren-to~Pine RIulf Tow 230
Reach, Arkansas River and Tributaries,
Spring 1941 and 1943 Fleods

3 — Tests to Determine Effects of Tulsa-West June 1953
Tulsa and Jenks Levee

i

L - Tests to Determine Effects of Zate of tar 1954

Rise on Stage-Discharge Relationship ani

June 1956

5 Lkl  Determination of Discharge Hydrographs June 1950
for Arkansas River and Tributaries,
April 1927 Flood i
. i
6 341 Effects of Project Levees Along Toint June 105¢ f
« t .
Remove Creek, Tributary of Arkancns
River
| 7 - Tests to Determine Backwater Effects on Sept 1904
i Arkansas River and Tributaries ik
! .
4 - Development of Unit Hydrosraphs for Model Dot 150
Inf'low foints on lneraced Tribubaries
of Arkansas Hiver
(Cont inued) T AR PR
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Table 1 {(Concluded)
Ident
Zponsor No. No. Title Dnte
] SWD 9 3L-2 Adeajuacy of Project Levee fGrades Without Apr 1057
(Contd) and With Reservoir Modification, Var
Buren to Pine Bluff, Arkansas River
10 M Ungaged Flows for 1949, 1950, and 1951 Var 1959
2-3321 Floods-~Van Buren to Little Rock Heach
11 k-1 Flood-Routing and Reservoir-Operation Apr 1961
Study, Tulsa-to-Van Buren Reach,
Arkansas River and Tributaries
! X2 - Tests %0 Assist in Develorins Computer Sent 19€0
! Programs

(6 of € sheets)
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Table b4
L Attendance at MBM Comprehensive Testing
Program Subcommittee Meetings
Meeting Installation
NOo. Date Members Attending Renresented
1 16-20 Oct 1961 F. B. Toffaleti LD
M. A. Clare “RD
E. A. Lawler nrh
L. E. Hough SWh
H. C. McGee 3
2 2Lh-26 Apr 1962 F. B. Toffaleti Lrn
M. A. Clare RD
E. A. Lawler ORD
L. E. Hough SWD
He C. McGee WE:
3 28-29 Nov 1962 F. B. Toffaleti LAMVD
M. A. Clare MRD
E. A, Lawler ORD
L. E. Hough SWD
H. C. McGee WES
k 21-23 May 1963 C. L. Sumrall* LMD
M. A. Clare MRD
E. A. Lawler ORD
L. E. Hough SWD
H. C. McGee WES
5 L6 Feb 196k F. B. Toffaleti Lo
M. A. Clare VRD
E. A. Lawler ORD
L. E. Hough &
H. C. McGee Wio
6 6-8 Oct 196L F. B. Toffaleti ey
M. A. Clare LB
E. A. Lawler arD
L. E. Hough S
J. N. Stephenson NCD
H. C. McGee WEe
7 9-11 Feb 1965 F. B. Toffaleti LAVD
M. A. Clare wEN
J. T. Mitchell, .Tr, ORN
L. E. Hough TWh
W. T. Colling ocy
J. N. Stephenson nen t
He C. Mchee oM

(Continued)

»

“epresented LMVD for F. B. Toffaleti,




Table b (Concluded)

Veating Installation
lo. Date Members Attending Revresented

8 2-4 Nov 1965 F. B. Toffaleti LMVD

M. A. Clare MRD

J. T. Mitchell, Jr. ORD

] H. J. Schwartz SWD
D. E. Nunn OCE

J. N. Stephenson NCD

H. C. McGee WES
9 1-3 Feb 1966 F. B. Toffaleti IMVD

M. A. Clare MRD

J. T. Mitchell, Jr. ORD

H. J. Schwartz SWD

2 D. E. Nunn OCE
J. N. Stevhenson NCD

H. C. McGee WES
10 15-17 Nov 1966 F. B. Toffaleti LMVD

M. A. Clare MRD

J. T. Mitchell, Jr. ORD

H. J. Schwartz SWD

D. E. Nunn OCE

3 H. C. McGee WES
H 11 28 Feb-2 Mar 1967 F. B. Toffaleti*#* LMVD
¢ M. A. Clare MRD
5 J. T. Mitchell, Jr. ORD
- X H., J. Schwartz SWD
i D. E. Nunn OCE
; J. E, Foster WES
: 24 1-2 Nov 1967 F. B. Toffaleti LMVD
5 M. A. Clare MRD
: J. T. Mitchell, Jr. OR™
H. J. Schwartz SWD

D. E. Hunn CCE

R. E. Emmenegger NCD

J. E. Foster WES

13 27-29 Feb 1968 F. B. Toffaleti LMVD

M. A. Clare MRD

J. T. Mitchell, Jr. ORD

H. J. Schwartz WD

D. E. Nunn OCE

J. E. Foster WEC

“¢  Attended only 28 Feb; E. J. Williams, Jr., represented LMVD on 1-0
“his meeting was held in Vicksburg, !Miss.; all other meetings were
acli in Jackson, iliss.
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Table 5
Total Model Cost by Fiscal Years

i Operation
: General and Standby
! FY Construction¥ Maintenance Maintenance Total
194k $ 261,556 - - $ 261,556
19Ls5 339,088 - - 339,088
196 539, 3bY $ 65,267 — 60k €11
{ 1047 521,97k 9,712 - 53% 686
j 1948 1,136,021 26,750 $ 3,239 1,166,000
i 1949 1,067,292 9,037 78,563 1,154,892
1950 1,175,977 66,173 203,593 1,bk4s, TL3
LA5L 222,357 L3 668 282,948 548,973
1952 78,848 17,560 302,926 399,23k
1953 149,433 40,687 232,267 422,387
1954 310,62k Ly 625 18kL, 052 539,301
1955 Lok ,6Lk9 63,161 186,940 654,750
: 1956 433,496 60,316 151,263 645,075
! 1957 434,519 31,310 189,819 655,548
j 1958 678,662 74,218 22,808 775,688
1 1959 569,526 102,31k 111,234 783,07k
_ 1960 562,021 104,430 117,247 783,498
; 1961 572,386 112,675 174,363 850, Lok
1962 504,781 102,921 159,847 787,5L9
1963 4ol 3k 96,128 211,678 732,240
196k 321,751 114,984 252,210 688,0L5
4 1965 152,116 114,693 212,624 Lo, k433
1966 81,297 181,211 223,09k 485,602
1967 272,721 167,746 237,702 678,169
i 1968 8,582 173,709 2L6,751 429, 0L2
' 1969 1,675 156,234 191,066 348,575
: 1970 951 64,171 143,307 208,429
1971 3,746 67,197 176 ,362%#* 2LT,305%*
1972 - 65,000+ - 65,000t
Total  $11,252,827 $2,175,887 $4,295,903 $17,704,617

*# Includes planning, design, and instrumentation costs.
#%# [ncludes 3150,000 for Computer Application Study. Some of these funds
will be carried over into FY 1972.

“he budget request to Congress for FY 1972 includes $65,000 for general
maintenance of the model.
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Table 6
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Annual Construction® and General Maintenance Costg

by Division and Congressional Funds

T T e
it LTI A it P T S el s s R T

Division Funds Congres-
UMVD¥** sional
Ty LMVD MRD and NCD ORD SWD Funds Total
1984 3 31,387 & WL hGh $ 15,694 $  9k,160 $ 75,851 - $ 261,556
1945 Lp,691 57,645 20,3L5 122,072 98,335 - 339,088
19ké 72,553 102,78k 36,277 217,660 175,337 - €0k ,611
1947 64,162 90,897 32,081 192,487 155,059 - 534 ,68€
1948 267,435 325,573 58,138 267,435 244,180 - 1,162,761
1949 226,029 301,372 43,05k 269,082 236,792 - 1,076,329
1953 335,380 322,959 37,265 260,851 285,695 - 1,242,150
1951 58,526 93,109 5,320 50,545 58,525 - 266,025
1952 25,066 35,671 5,785 13,497 16,389 -- 96,408
1953 57,036 79,850 7,605 30,419 15,210 - 190,120
195k 117,232 152,757 1,210 bg,182 2k, 868 - 355,249
1953 126,309 210,51k 18,712 8L, 206 28,069 - L67,810
1954 145,099 151,379 23,216 104,471 69,647 - 493,810
1957 -- 80,579 -~ - - $ 385,250 L€s5, 829
1ns? - [ - - - LA L2 752,880
1753 - — - - - 671,840 671,8L0
R L, ank -- - - - A61,L97 IS
L - - - - - A8 061 R8e 001
) _— — _— — _ T, TO0 607,700
L L0 AR -— - - - L70,873 500,562
” Jgh2m -- - - - 300,190 Lo, 778
R 73 - - - - 266,081 D66, 809
2 15,140 - - - - 250,347 260,508
TR 23,500 - - - - 416,965 LLo, 67
t - — - - - 182,091 182,791
el - - - - - 157,900 157,909
” - - - - - 65,100 65,10
- - - - - 70,9k3 70O
- - - - - 65,000 5,007
e B s onf 237,700 1,753,067 $£1,483,097  86,003,b90 §13,L0%,710
‘: cos poanninet, desien, and inastrumentation costs.

T swens abolizhed in FY 1955 with itz area of responsibility divided letween

any the 00D

o1

=T

[




TR L TR T

-4

Annual Operation

Table 7

and Starndbv Maintenance Costs

by Division and Coneressional Funds

Division Funds

UMVD* Congressional
MRD and CD CRD SWD Funds Tetal
$ 3,239 - -- -- -~ $ 03,23
28,528 % 30,411 - $ 19,604 - 78,563
75,747 64,183 -— 63,663 - 203,593
108,335 83,415 - 91,198 - 282,948
157,173 73,209 - 72,544 - 302,926
122,515 16,58k & 1b,k3u 78,734 -- 232,267
1wl ¢ 0, 8¢,723 19,239 16,926 56,292 -- 184,052
1955 17,792 98,458 - Li fe7 26,033 -= 186,90
1956 39,180 65,383 - 29,809 16,891 -— 151,767
1957 46,106 95,827 - 30,925 16,951 - 189,810
1958 971 19,8L49 - 1,L54 53k -- 22,808
1959 T,h47 22,178 - 8,5L0 209 & 72,83 111,234
1960 9k1 2,678 - 13,446 - 100,187 117,247
1961 1,755 5,935 - 16,252 - 150,420 17L 343
19€2 -~ L37 - 65z - 158,757 159, 8L7
1963 — 585 - 10,661 - 200,430 211,778
196k —_— 21,17k - 18,283 - 212,753 o571, 010
1965 - 538 -~ 7,507 - 204,579 D1k
1967 8,049 2,b09 - 5,781 - 206,855 205,000
1967 T,236 L, 790 - 120 - 205,566 YT,T0
1968 26,002 1,0L0 - 387 _— 218,517 DLt
1969 oh Log 9,643 - 1,274 - 155,561 197, ¢
1970 95,756 - - - - L7,¢5] Tha ooy
1971 1,257 - - 11,45 - 163, Lh71%% TP, N we
1972 - - -- - - - _—
Total I270,02C 036,008 E206 8Ll E03p 8 Rhho o B2 117,370 LE TR USRS

® o The VD wals
tween the Ul

Lo the

#%  Inojudes $190,000 Cor computer Anplicn*ion

HCl.

earriod sver into FY 1970,

Study.

abalished {n FY 1955 with its area of responsibility diviided be-

Some ¢f these funis will be
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