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I. ACCOMPLISHMENTS BY PROJECTS 

Regu.!!_r E:,g>eriment Station 
103 - Laboratory and Field Study of the Vortex Tube Sand TraE: .. 

Tea ts will be continued on methods and designs of and traps . Tests have 

been completed on full scale Vortex tube• uain& laboratory facilities. 
Efficiencies of trapping s ediment under various operating conditions are 
being computed. Tubes of different shape and sizes were tested. Field 
evaluations of existing sand trap installationfi are being planned. 

Tubes of different aha::,es seem to operate equally well. The cri-
tical points of design seem to be the size and length of tube. The effi-

ciency of trapping varies wi'ai the velocity of now and the size of material 
being moved. 

• 
104 - Meteorological Observations: • The ork is being done to 

obt::iir. precise ong time r cord of cli a.ological elements. Th! ele-

ment oboerved are: maximum. minimum d current air temperature, • et and dry bulb temperatures for dew point temperature and relative 
humidity, soil temperature&; at 3, 6. 12, 24, 36, and 72 inches, wind 

direction and velocity at 65 ft. and 15 in. above surface, barometric 

pressure, evaporation from a free water surface, water .temperature at 
surface (maximum , minimum and current), precipitation, cloud cover , 

dew and frost. 
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\7, v 1 .. ~B of ·,.mpvrr.it u... have been recorded recently. , The 

ti e m an J inc""'easing . Pz-ecipitation varies l.'li.del;y ith 

ter Fluctuations and Th ir Relation to Pumping: • 

Semi-annual me urements of water table levels ere again taken in the South 

Platte and Arkansas River Valleys and their major tributaries, continuing 

the work begun by the Experiment StatiQn in 1929. Water levels are, in 

general, back to elevations co:mmon before the 1950-1956 drouth period. 
Exceptions occur in tributary ralleys which have no surface water for irri-

gation, such as Kiowa. Bijou. and Beaver Creeks in which water table levels 

are still on the decline. 

106 - Development and lmprovement of Water Measuring Devices: .. 

The present phases of this project are concerned with the development and 

calibration of trapezoidal mea:1uring nu.mes. It is anticipated that flu.mes 

of this design will find wide use for both irrigation and general byc:lrologic 

measurements. 

Preliminary tests have nhown that these flumes may be superior to 

those with rectangular cross-nections. They will operate under higher 

degrees of submergence without connections to the free-now relationships 

being necessary. The genel"al shape tends to more closely fit that of a 

natural or irrigation channel so that construction problems are simplified. 

107 - Hydraulic Laborat~: - Significant progress has been ma~e 
on two fundamental studies: a) the analysis and experimental verification 

of the hydraulic jump in shaping circular conduits.and b) the fall velocity 

of particles in extremely viscous fiuids • Both studies will be reported in 

the form of Master's Theses i11 June 1959. 
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entoni e Sedimentine: 
being carried on a.t five 

: 1, T in Lake (Colo. ) site in b"actured 
c· ; f 2) "oo s Fa.· f C lo.) site in sand and gravel; ( 3) Coachel la Canal 

· Calif.) ite in dune sand; ( 4) Lateral 1 (Wyo. } ite in dune sand; r S) Lateral 

19. 3 fNebr .) site in loessial soil. Purpose o e•earch and development 

activities is to develop practical and effective canal sealing methods for 
irrigation canal in a representative range of pervious material and 

operational conditions. 

As a result of development work to date. t o methods for sealing 

irrigation canals have been developed Tb h t'O methods are: r 1) for ft•ac-

tured rock - - multiple dam method involving u e of bentonite and sa ··dust , 
and 'Z) for sand and loeasial soils - - Wyoming method involving uae r>f 
bentonite-water mixture with harrowing of cantl bottom and s idea duJ•ing 
the benton i.te ponding and sealing procedure. 

109 - Snow Course Measurem·ents a nd Forecast An·alys is : - systematic 
m~asurements of depth and water content f enow at high elevation in 

Colorado mountain areas for the purpose of fo ecasting the r unoff oJ.' the 

principal rivers of the state in the intere t of irrigation. power . do. e t ic 
supplies, and other ua~s . The use of electrical resistance soil moi ture 

units is being tested to determine a factor of soil moisture deficiency fc f' 

water supply forecast purposes . 

Snow measurement-data are correlated mth runoff. Once the_ 
relationship is established. the snow measurement data are used to :.,re-

dict the runoff for the coming season. 
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110 - Calibrati n of Current Meters in !ta.ting F lume: ~ Current meters 

have been ated for many municipalities. counties . consulting engineers. and 

state and federal agencies during the year . This is a service performed at 

n cost to the Station . A charge of twenty dollar is made for each calibra · 

tion. 

111 - Determination of Proper Irrigation Well Construction Materials 
and Maintenance Pr ctices ft>r Obtaining Maximum Economical Life and Per~ 
formance: - A survey of drillers indicates that ·the failure of irrigation 

wells due to the collapse of casings is generally due to negligence upon the 

part of those placing the gravel-pack material rather than the use of too 

light of casings. Either bridging, segregation or a combination of both allows 
sand pumping and ultimate collapse of the formation about the well . 

The principal problems of irrigation well failures seem to be connected 

with incrustation of screens or corrosion of c ins and screens. Preliminary 

conclusions indicate that research work ahould be directed towards: 

( 1) Developing methods of predicting incrustation and 

corrosion problems from chemical anal;ysis of the water. 
( Z) peveloping recommendations for casing and screen materials 

for various corrosive water conditions in Colorado. 

( 3) Determining beat treatment materials and methods for 

varioua incrustation conditions. 

124 - Laboratory Study of Gravel Filter Deeign for Irrigation Wells: -

Laboratory studies are being conducted to: ( 1) determine the relationship of 

pack-aquifer ratios and pack and aquifer gradations for stable conditions. and 

( 2) develop generalized criteria for the selection and placement of gravel 

pack materials. 
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Preliminary re ults indicate pack-aquifer ratios ranging from <i to 
1 Z are satis acto~ for uniform materials. Non-uniform gravel pack makes 
it possible to use larger pack-aquifer ratio • 

1 ZS - Dev lopment of Drainage Design Criteria for Irrigated Lands: -
The field study on evaluation of interceptor draina has shown that there is 
not a significant correlation between onJ¥ the hydraulic conductivity and the 
yield of now per unit length of drain. Many other factors need to be con• 
sidered such as the source of ground water. distance to this source. general 
slope. depth of saturated strata and degree of stratification. For the general 
area in which this study waa conducted. the degree of stratification seemed 
to be moat important. The degree of stratification was defined as the ratio 
in percent of depth of unlike materials to the predominate soil texture. A 

good correlation was noted between the percent otratification. the hydraulic 
conductivity and the 7iel(J for the field s ituations atud.ied. 

ZZ7 .- Study of Evaporation from Soil Surfaces in Terms of Soil and 

Micrometeorological Factors: • The pil"oject is a comprehensive study of 
moisture transfer from a oil by evaporation from the soil surface. The 
immediate objective of this investigation are to evaluate the variables 
known to affect evaporation from soil in order to determine those that are 
most important in tbe field. and se_cond)y to search for relationahip• among 
the pertinent variable• which will permit quantitative estimates of evapora-
tion from a given aoil under prevailing ambient condition•. 

( 1) There i8 a critical water-table depth for aoU.. When the 
water-table is below this depth. the rate of upward movement of 
the water is greatly reduced and is onl7 slightly affected by 
ambient variables. The critic 1 depth can be related to moi tU1•e 

characteri tics of the soil. 
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( Whe.1 th ace of the soil ecom ?S dry for any reason). 

t e rate r evaporation is only slightly affected by ambi nt 

variab es d may even be inversely related to the correa• 
ponding vapo ation rates from a fr·ee water surface. 

( 3) The rat of ater loss from a soil profile can be reduced 
by any surface treatment that redu es the capillarity Gf 

the surface pores. One effective treatment is a gravel 
mulch. another is an application of some types of surfac-
tent,s. 

At pre ent no economical treatment for large scale use has 

been found. 

236 • Economic Effect of Groundwater La a and Related lnstitu• 

tion on Groundwat r Use in the Lower Bijou &.ain. Morgan County. Colo.:-
Tbe Engineering pbase of this study has as it purpose the determination 

of the interrelationship• of ground water and marface water in an area where 
both are used for irrigation. An area in the fouth Platte Valle7 h been 

chosen for this study. The economic phase will be concerned with the 
implications of various types of legislative coutrol which may be applied 
to the situation . 

Investigation of surface righis and pumping plants indicates that the 

potential capacity of all irrigation pumps in the study area is considerably 

greater than allowable surface water diversions from the river. These 

pumps all draw upon underground water that would otherwise contribute 
to river now. and under previous court decisions are therefore subject 

to injunction if surface rights are injured. Nearly all well$ were drilled 
at least 50 years after the most junior surfei.ce right • 
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an Atmosphere with Various 

_..:.:-____ a_b_ili_._ty: - This project is te nically closed as as reported 

la t year . Ho ver. dmini trative details ill remain. it is anticipated 

th t at least another year will be required to close this project at the rate 

the Air Force move • At the present tim the ponsors are still 1'ithhold-

ing one percent of the contract. 

/ 7 08 - Beh :vior of Seaplane Hulls in a Simple Sea: - The final report 
h~a been accepted by the Navy. This project is. therefore. technica~ com-
plete and only administrative closure mu t still be done. The reaulta of 

the project indicate that a high length-beam ratio for seaplanes is favorable 

in improving sea: orthiness • High speed performance of seaplanes can 

best be carried out either parallel to the crests of waves or in the direction 

of wave travel. 

7 13 - Behavior of a Ship in an Oblique S!a: • The final technical 
report has been accepted by the sponsors in flllfillment of that aspect of the 

contract. Administrative clo ure must till be completed. The result• of 

the research indicate that the greatest heaving and pitching of a ship occur 

in the 135° and 1ao• h dings with respect to the direction of wave travel. 
The ship motions tended to be a maximiin when the wave length of the sea 
in which the sbip was running waa approximat~q twice the hull length. 

7 23 .. Interaction of Ships and Wave : - Clas ified Project. 

7 24 - Inveatigations of Contracted Openings in an Open Channel:• 

The study is divided into two stages. the first stage. which has been finished. 

was to study the backwater caused by the conlltruction of a channel constric-
tion in a tilting fiume h ving a rigid bottom. The second stage of the atudy, 
which is in, progress. is to study the effect of an alluvial bed on the back-

ter and also the maximum scour around the model highway abutments 
making up the constriction. The experiment 1 ork is conducted in a 150 

foot long. 8 foot wide fiume. Both the edinu,nt and the water are recir-

culated in this system. A uniform flow is establiahed before the abutments 
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l.r, u,nout t ~ 

t f c nti·actio u d "Y the abutmen vari.ea 
uom o. t .1. 

T e • draulics of open channel fio through constrictions has been 

la siiied as a result of thi research. The energy loss has been sub• 

divided into three part : no1·mal. mixing d xc ss. The distribution of 

th se three losses is known . Empirical curves ere derived for estimat-

ing the maximum backwater found in the laboratory . A practical method 

for estimating th maximum backwater for prototype conditions is 11re-
, 

sented. The maxim.um scom- depends primaril;r upon the degree of con .. 

traction. the Froude number and the normal depth of the unobstructed now 
and the geometry' of tbe abutments. 

7 26 - Flow Patterns on Landing Impact of a Seaplane Hull: • The 

final report has been submit ed to the Navy Department and has been accepted. 

The purpose of the proJect was to determine flow patterns underneath two-
dimensional draft ncb aa seaplanes during landing. The aecond purpoae of 

the project was to find a way to make the flow patterns which result from 

the impact of wedges or hull: visible to an obaerver. The onq scheme which 

proved aatiafactory was one using zero buoyancy bubbles immeraecl in water. 

The resultant viaible flow pattern was correlated to the force-time history of 

impact for wedges of variou11 included anglu. The project is now techni-

cally completed and the busineaa matt era ue being finalized. 

7 35 - Scour at Base of Cantilever Outlets: - This study conaiaia of 

aeveral phases. The first phase . which bu been completed. wu develop• 
ment of generalised design criteria for stilling buina for cantilevered pipe 
now. The atillh,g buin ia a pre-shaped acour bole in an alluvial bed armor-

plated with well lftded riprap. The second pbaae of the study. wbicb 1• in 

progress. is to investigate the efficiency of the armorplated. pre•ahaped 

stilling basin in scour control for different boundary geometry. 
•8'"'! 



t ;n in ease in chann ·1 ·dth 

te of cour a?!.! vo ex 

cu r t t an verae to t e d!I ection of j et flo and th~ 

action of ves the channel banks. Arm. ating of channel ba i 

ential to ta ility f alluvial cll,annelo. :t1el:'!r•"=ing the slope of the 

channel banks incr ases the effectiveness in scour control of th arm.or• 
plated. pre-shaped stilling basin and banks. 

736 - Metho y for Model Studies: The 

re earch is dw ct d toward the develop ys and m~anG to produce in a 
wave basin se which will permit the "esting f model ships under conditions 

r presenting tho nc untered by ships on :h oc n under storm conditions • 

A ne type of ave generator d Vf!lo d which promise to ve the 
bility to produc r plica · of an actual orm s a in a circular or r ctan• 

gular ve ba in. Th replica aea ould cove s enti Uy the ntire area of 
the wave basin . 

7 38 - Research Directed Toward tb Study of Low Level Turbulence: -
Measurements of m velocity. mean t mp tur s. turbule ce intensities 
and turbulent shear meas profile ere mad for turbulent air fio over a 

plane. rough boundary which was heated. A new nd tunnel ith 1 w ambient 
turbulence level and a test section 6 x 6 x 7 2 ft designed and partially 

completed. 

For the rough. h ated surface the vel<leity defect la for the uter 
r gime o the boun layer follows the eal'.4 1a· for a smooth boundary 
p:"C>Vids:i .:he displacement thickness inclt1de the Variation Of density "th 
temper ture . The te perature distribution can be expressed by a law 

d a t mperature•defect la analogous to th vel city-distribution law • 
740 - ~udy of sistance to Flo. _!LS d.iment Transport in Alluvial 

Oiannels: ~ This investigation consists of laboi"atory study · ch will be 
follo ed by a field study of (a) resistance ton win alluvial chai:m. ls. (b) 
sediment t:i.'"ans on theo:ry. including th.:l eff,?ct of very fine sediment n 
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unea · st. 

v ~r; fine sediment o 
spo t ha been and is eing 

equati n for ed lo d tra.neport. a plic ble vlhen rippl 
· ·• s fo q. = (1 - A. )V h / he.s been dev 1 ed and ., 

v ified in hich: qb is the bed load . A. is the porosity of bed ~ t :I"; l' 

i the av ~· sut~ velocity of th~ ripples and I or dunes. and h is the aver-
s 

age amplitude of ripples and/ or dunes. 
740C • Distribution and Coneentratian of .Radi ctive Waste in Alluvial 

Streams : - The purpo e of the tudy is to bring together knowledge from· 
the fi lds of diffua!on of heat. mass and mom ntum. adsorption and abeorp• 

' tion of radioactive materi ls to sediments in streams. and alluvial channel 
bydrauUc • The r ults of these studie will ho used in developing a pl"O• 

gram of experimental and theoretical re earch on the relationships of fiuvial 

hydraulics tQ the mov ment of radioactive materials in alluvial channels • 
• 

74'7 - Water and Se~ment Measuring Equipment for Ephemer 1 Streama:-
The contiauiug pnas • are to further develop m uriug flumes of trapesoidal 
shapes for the purpo _ of measurement on eep lo es and for large range 
of now. Test results from models are b iDg compared with prototype behavior. 

Very good correlation of model prototype results have been obtaiD • 
Examination of prototyp data reveals that th approach velociti cbange from 
super-critical to sub-critical for increasllag discharges. The relationship of 
depth in the contracted section to discharge doea not change for the different 
approach condition•. 

7 49 - Analytical Study of Alluvial Channel Roughne l!,: - Excellent 
experimental results have been obtained and an empiJ"ical equation on the 
b ginning of ripples on a sand bed ha been eetabliahed. Analysis of numerous · 
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own omi o finding a ne , f. rmula 

. - e ~'";'""'"" velocity of flo iu nn alluvial cha.nne • 

If the n · velocity in a channel c.a be accurately estimated by kn 

ing the depth of flo • channel slope. and b d material. the design of irri • 

gation canals and the control of natural wa~elr'Wlii:1'78 can be improv d. 

The esults b ve been presented for publication by the American 
Society of Civil Engineer . The project is no t\!Chnically and adminisc 
trative]y clo ed . 

7 52 .. Model Studies for Bocono Dam: • The purpose of the model 
studies as to obtain information concerning the action of water fiowing 
over and through the proposed dam and a purtenant wor • Preliminary 
studies of th stilling basin were made in a Z·ft de glass-walled flume 
and over-all performance of the spillway eJan:nioed on a general model; both 
models were constructed to a scale of 1: 9.Z. Fo.r the river-outlet studieEJ 
a separate model was built to a cale of 1:10 with a transparent plastic end 
section for the elbow. 

Results: 
{ 1) A suitable stilling basin was developed for pillway f1o 

up to 1Q.ooom5/ s~ 

(2) The pier o the pill ayer t ere modified to minimize 
fin information on the spill 83 face. and a rating curve was 
obtained for free · and gate controlled flo s. 

( 3) The flow characteristics and res:sure distribution in the 
vicinity of the downstream end f the river outlets we e 
examined and found satisfactory. 

( 4) An evaluation was made of the effect of stilling basin oper• 
ation on pres ur~z within dra:. tubes which discha.rgll:! directly 

into the stilling basin. 
Tllis project is 0,:-1 techni ... ally and adminis'S~tively closed. 



.!'~ .. A z .. ft wide. i 11 Z-ft 

- · ·1.! e f nm :. has ..... een deeigned a d constructed . The 

· · -. ··::. ~ .. poi:-·~ ~ s _ th t a" y slope from horizonta .. to a maximum of about 

)ta.iued . Flow is .!. ecirculated tnz-ough a 4. 000 gpm 

;1t ifu al pump . T ... e w.,..lls of the flume axe clear plastic the full length of 

t e flume and t . e floor is l '4-inch stainless steel plate. 

The design and construcUon are completed. The project i now tech-

nically and administ ativeiy closed . 

7 o l - ~ibr tion of Flowme~ers for the Martin Company. Denver Di vis j.on: ~ 

Calibration of turbine type fioi.vmeters which range in size from 3/ 16 in. to U! in. 

for th.e Titan ICBM program is being done on a routine basis . 

763 - Consequences of Res·,raint on Motions of a Mc:Kiel Sh.ip: - The pur~ 

po,;e of t~ia project is to obtain experimental data on th.e influence of restraint 

on the model motions restllting from wave trains acting on a model ship. 

Initially the model motions will be restrained and the forces and moments on 

the model caused by the waves will be measured .• A new type wave probe will 

be used to measure tile wave t ·eld in the vicinity of the model. 

Activity to date has been confined to development of instrumentation. 

These include the improvement of a capacitance probe whi.ch does not touc:_h 

·or distu~b th.e water surface. Six t ransistorized probe units will be used to 

measure th.e waves in the vicinity of the ·mode~. Comparison of the records 

with a record of the undisturbed wave will yield info mation on the influence 

of ·the ship on the aves~ A six component balance has been constructed to 

me·asure the forces and moments on the restrained model. 
768 - U. S. Bureau of Public Roads - :Educational Film: • The project 

involve the making of a color film on open channel now in connection with 

highway drainage problems for educational pu::rposes • The film is sevent7 

percent complete. 
769 • Model Studies of the Cumbaya Proje~ Tu.'"lllel By0 Pass: - The ----------------·• ....... If.-.... ,_. ____ _ 

by~paes is a unique underground structure hich conveys w~:e~ ~l.'.luild a 
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po ,-er t n l 7 meters belo for use at s ch times a the 
... o\7 TL ouae uni o may ot operate. The mod 1 tudy is to check adequacy 
of origin· 1 design of manifold stilling basin. a ba in hich dissipates 

kinetic energy of flow by diffu ion of submerged jets. 
The stilling basin as designed would perform satisfactorily. Ho ever, 

modifications ara nece . sary in the conduit approaching the stilling basin. 
7 7 O - Evaluation of Flowmeters for the Martin Company. - The purpo.se 

of the proj ct is to carry out tests on the dynamic. kinematic and general 
performance characteristics of various types of flowmeters to be inserted in 
pipelines. The fiowmeters to be consider ed are the Gulton, Gentile Tube, 
and Maxson Ultrasonic. impact strain gauge. turbine and rotameters. The 
fluids under consideration are water. liquid OXiYgen, liquid nitrogen. JP•4 fuel, 
RP• l fuel and MIL·0-5606 ~draullc fluid. Work is continuing on a fairly 
fa t rate. 

771 - D~termination of Shear Stress by Measurement of the Electro• 
kinetic Potential: • Electrokinetic potentials between two electrodes placed 
in the wall o a precision glass pipe are amplified after passing through an 
'9iectrometer tube circuit and displayed on an oscilloscope. The di played 
signal frequencies are being studied for the cases in which the water fio ing 
through the tube ia in a laminar state, tranaition state, and turbulent state . 

773 • Distribution of a Wetting and a Non-Wetting Fluid Ph e in a 
Porous Solid: ~ The first p t of this study baa been completed. A diffeirer,-

tial equation was derived to describe the pressure distribution during steady 
two-phase flow through porous solids. The equation was solved and tested 
experimentally for the case of a static non-wetting phase. Experiments ere 
run in which the etting·phase flow pas ed through stratified column of 
sand as well as columns of uniform sands. Other experiments included flow 
through sections of a sand having two different slopes and situations in ich 

the sand contained sources and sinks for the ett!ng phase . In every case , 
the derived equation described the pressure distribution with satisfactory 
precision. -13-



lm i:h. r . ~., o.:' ~b.e study which will de~-- with the situation in whkh 

';he non ... 'i tting pha e flews in tie presence of a. static wetting phase is ju,gt 

iJe'·ting started · far as the experimenta teeting is concerned. 

7 7 S - ~-e Longi t ~di~al Distribution of Forces and Moments on a 

Restrained Model in Waves: - The primary objective of this pi"oject is to 

impose pitching and heaving displacements (separately) varying sinusoi~LUy 

in time upon a model ship and to measu e th~ forrces and moments a 0 & 

function of time. 'I'he models are segmented and attached to an l;)Scillat .. 

ing strongback by means of a stiff spring. The force on each end of a 

egment is sensed by means of an SR4 strain gage . The simu!taneous 

records of the forces on the seven segment may be used to construct a · 

longitudinal shear <.'W."ve. The longitudinal be11ding moment is found by 

graphical integration. 

The pitching and heaving experiment3 on a five foot model of a 

T2-SE ... Al tanker have been completed . The model was oscillated at 

seven frequencies a rest and at three sp~eds of advance . The results &re 

being analyzed and will be compared with the anal1tical findings of Haskil1d . 

Havelock and Grim~. 

778 - ~dJ(of Atmosp,!ieri~ Surface Layer ,Phenomena in a Wind Tu~: ... 

Measurements of mean velociti~s a11d mean t0mperatures together with t1a-

bulence intensities and correlations have been. c.ade over a smooth. plan<!. 

heated or unheated su:rface. The objective? "l! the program is to relate t' .. ~ 
turbulent boUi.--:dacy layer structure to the tli.e:nnal stratification btained 

by heating. 

Heatin~ of th•~ tu- bulent boundary !aye a.t low Reynolds nw.nber has 
been found toproduce the folloi11ing effec e: (1) S.ncrease the coefficient 

of drag ( Z) increase tte eddy viscosity ( 3) inc:re2ae the correlation between 

vertical and horizontnl velocity fluctuations. 



. veI'' Outlet : • Tl.e e .. erimental tudy on the 

:ni" i &.6 eted. Four zonen h&v been defined for a 

.J 1 e ged jet impingini normally on a Sincotb. bowidaey. Tl e veloclt-y 

file for each zone ,.a measured. a ,ell t:~e pressure di ibu• 
tion along the deflecting boundary. The il:.tegrati · of tile Reynold equa • 

tions for axially symmetric flo near a lane boundary accomplish d as 
a part of this study provides a basis for further an yais of flow in the 

boundary layer region and evaluation of t 1 boundary ahear. Knowl dge 

of boundary shear is of fundamental importan1;:e t the knowledge of the 

phenomenon of scour or erosion of sedim nt particles and of its control. 

This project is pended until additional funda can be found. 

78i - Makio Dam Spill az: - The P'·· ose of the model study of the 

Makio Dam Spillway. to be constructed in Japan. i to check the hydraulic: 

performances of an original and alternat spillway design and to introduce 

changes a required. The spillway is for a reBet•voir impounded b;y a 

rockfall dam 80 meters high; located on !be left bank of the river. 
Modifications to the pillway appr i:icb d chute nave been made. 

The choice of stilling basin has been made th modifications thereto. The 

technical report has been submitted to the sponao • . 
785 - Study of the 5pu1"' Dikes for ~ghway Bridge Openings: .. Spu 

dikes in connection with hig way bridge o eni gs are used to eliminate 

scour adjacent to abutments and piers. The flow which 7ould no£ ~lly 

ca.use an eddy nE:ar · e abutment is made to a p_roach the bridge opening 

as normc-.l as po sible. The purpose of this pt.ase of the study io to 

deter111ine the best iape and loc ... tion as :rell as .ength of spur dike for 

a .given set of conditions wi1ich n1ight p ...,1,·ail at a bridge opening. 

An apparent shape and location haa been determined for one set· of 
conditions in the testing flume . 

-15~ 



Cards: - We ihe dat from fifteen (1 r: S'" ~i ns: ---------i u e · ;~e ·n C k> c.:.do s.ve · een placed on IBM punched cards. Cru: ~ f r _5.x 

{ ~} s ations ave b en proces ed fo .. • accui'acy and rluplica·,e decks of cro,ds 

_ave een sent to the National W ather Rec rds Center at Ashevllle., N .. C. 

The remainder of tile cuds have processed f o!' ccurac,: and du li ::ate 

d cka wil be sent to the ationa.l Weather ecor Center before l J12 ~ 

1959. 

2002 - Model of the Dillon Dam Morning-Glory Sp.:llway: • Tb.e lLodel of 

the spillway and nece.:.sary sections of the outlet orks has bean con.st •ucted 

to tes · hydraulic charac'eristi.cs of the various st:ructuras as des_gne and 

to modify them · a s necessary on the basis of results obtain~d. Significant 

areas of study include; local' excavation effects on the pill ay· creat; P:. ea-
sures on the spillway crest; negative press es in the vertical shaft; fl w 
control through the deflector: flo control at the junction with the outlet t n~ 

nel; flip buck.et dezign a he outlet ·and d wnstream erosion cont l. The 

model was constructed to a scale of 1: 31 . 31. The size of the model is 1 Z 

f et high, 8 feet wide and 60 feet long . 

2003 - Flow in Porous Media: - The study began Ap.l"il 1, 1959, Uuder the 

auspices of the Petroleum Re.search Corporation . 

2004 = !.,_ccuracy in~Surv~yor's Insttuments: ... The st'tl!dy began April 1, 

1959, under the s onsoJ ship o:: a manufactoring firm makint ourveying instru= 

mt~4tS . 

2200 - Struct\U"al Consulting Service t,!?j~ artir ... _~o~pany: ... Analytic 

investigation of the possible 1.'!i: •• lizatio:n of flexible ccr..duit '· rpe undel"'gJ:or:.nd 

structures for atomic shelter purposes. Single and double .. van conugated 

metal s~ructures have been investigated in the elastic range including elastic 

stability pl"ohlems . Coznpa?iso of thlt~e independen; theories has yi~lded 

approximately the S&;'.'.n.e results a i.e. the untlerg .. :cund atruct1..1re w l"ks as a 

cylindrical thin shell. 
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ll. PUBLICATIONS AND REPORTS. 

Albertson, M. L., and Simons. D. B., Theo!")? and Design of Stahl Channels 
in Alluvial Materials. presented at ASCE f13draulic Conference, 
Atlanta , Georgia, August 20, 1958 . CERS8MLA31. 

Bittinger, M. W.. Understanding Colorado's Ground•water Problems. The 
Physicol Picture, Colorado Agriculture Experiment Station Bulletin 
No. 504$ , 1959. CER58MWB37. 

Cermak, J. E., and Albertson, M. L.. Use of Wind Tunnels in the Study of 
Atmospheric Phenomenon, for Air Pollution Control Association 
Annual Meeting, May 26 - t9, 1958. Philadelphia, Pemwylvania. 
CER58JEC 18. 

Cermak, J. E. , The Turbulent Boundary Layer at Low Reynolds Number with 
Unstable Denisty Stratification Produced by Heating, Ph.D. 
Dissertation Graduate School, Cornell University, March 1959. 
Project 778. 

Cermak, J. E. , Wind Tunnel for the Study' of Turbulence in the Atmospheric 
Surface La:,er, AFCRC-TR-58•287. CER58JEC42. 

Olamberlain. A • .R., and Ham, C. B., Behavior of Experimental Current 
Meters in Still Water and Turbulent Flows, Administrative 
Report, July 1958. 

Chamberlain, A. a. , and Videon, Fred.. IDfluence of Elbow Location and 
Dynamic Viscosity on Turbine Flowmeter Calibrationa. prepared 
for the Martin Company under Contract DEN57•10195. May 1958. 
CER58A&C J ~ .. 

Clamber lain, A. R. , and Bernard d 'Utry. • Declaration Duri ng Impact of 
Seaplane Hulls on a Water Surface. CER58ARC40. 

Chamberlain. A. a., lqdraulic Research at Colorado State University, 
- Summary of Research Projects, December 1958. CER58A.RC38. 

Davar, Kersi S., and Amin, M. Sbaarauri, Final Report on Model Studiee 
· for Bocono Dam, Venezuela, South America. prepared for 

R. J. Tipton, Associate Engineers, Inc. CER58ARC24. 
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Dirm yer, R. D., and Shen, R. T.. A .Revi 
nite dim nting Method f Sealing ig tion Canal.II, 
asent d t Con! rence .of R cky Mountain Section of ASAE, 
April 3, 1959, Logan. Utah. CER59RDD8. 

Dirm yer, R. D. , Interim Report on Bent:>nite Sediment S a ling Acti viti 
in Trans•Mowitain Diversion S., tem of the Twin Lakes Res rvoir 
and _ ... ,~ Company near A pen. Colorado, April 1958. 
CER5 RDD15. 

Di.rm er. R. D. • Interim .R port on Bentonite Sediment Sealing Activiti in 
Later 1 E-65-19. 3 of the Central Nebraska Public Po r and 
Irrigation District ne Bertrand, Nebraska, prepared f A • .R.S. 
und r t ... ...,Mn of Contr ct 12•14-100-507 (41), June 1958. 
CER .RDD23. 

Dunn, Irving S., T active .R si nc of Coh aive Olannel • CERS8ISD33. 

Gard , R • J. • T Sediment Transport in Alluvial Cha1U1el • • D . 
Dissert tion, Project 740, January 1959. 

Glover, R. E., eth d of Creating a Complex Seaway in a Model Buin. 
CER EG63. 

Hwang, S. Y. , ~ical Study of th Roughne•• of Alluvial C~a.·-aiJ-~..::JLD • M. S. Theai , Color do St t Univ r ity , Augu 

ki, Y., .; · • G. L., and Albertson, M. L., Ana~ic 
the 1 .chanics of Scour for Thr •Dim naional J • Colo 
Stat ni versit , Civil Engin e ing Department. 
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Karaki. s. , Hydraulic Model Study of Spur Dikes for Highway Bridge 
Openings• January 1959. CERS9SK ?,J 

Karaki. S. • and A70ub, S. • Report on a HydJ:-aulic Model Stud.7 of the By• 
Pasa of the Cumbaya Project. Quito. Ecuador. CER58SK30. 

Karaki. S. , and Amin. M. S. ,, ~draulic Model Study of the Makio Dam 
Spillway. CER58SSK34. 

Karald. S., Annular Jet Inducer (Cooley Gravel Co.) CER58SSK44. 

Liu, H. K., and Hwang, S. Y., A Discharge Formula for Flow in Straight 
Alluvial Qiannels. presented at Portland Convention of A.S.C.E. 
and submitted to A. S. C. E. for publication. CER58HKL45. 

Liu, H. K., The Most Efficient Stable Channel for Comparative)3 Clear 
Water in Non-Cohesive Materials. CER59HKL5. 

Liu. H. K. • Laboratory Observations of Scour at Bridge Abutments. 
CE.R59BKL6. 

Liu, H. K.,.and Albertson. M. L •• Discussion .. Proc. Paper qaz "River-
bed degradation below large capacit7 reservoirs" b7 M. G. 
Mostafa. January 1956. CERS8ML.A•HKL9. 

Liu, H. K., A Note on the Differential Equation of Study-, Graduall3 Non-
Uniform Flow in Open Channels. CER.58HKI.A 1. 

Liu, H. K., Mechanics of Stream with Movable ~ds of Fine Sand. 
CERS8HKL46. 

Nagabushaniah, H.. Meandering Characteristics of Alluvial Rivera, Master' 
Thesis, Colorado State University, May 19 58. 

Poreh, Michael, Flow Ciaracteristics of a Circular Submerged Jet lmpi gincr 
Normally on a Smooth Boundary, Masters Thesis, ?"13.rch 1959 • 

.Robinson, A. R. , T apezodial Mee.auring Flumes for Determining Die-
charges in Steep Ephemeral Sti·eaz:ns, January 1959. CER59ARR!. 

.Robinson. A. R.,. Brooks, R.H.,. Kruse, E.G., and Nelson, .R. W., 
Annual Report - U. S. Department of Agriculture, Agricultur 
Research Service, Soil and Water Conservation Research Divioion, 
West rn Soil end Water Management Research Branch, M ~ch 195 . 
CER59A&ia • 
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Robinson. A. R. • and Chamberlain, A. R. • Trapezoidal Flumes for Open 
Channel Flow Meaeurement. CER58ARR39. 

Schleusener. R. A. • Factors Affecting Evaporation from Soils in Contact 
with a Water Table, Ph. D. Dissertation. Colorado State 
University, June 19 58. 

Schleusener, R. A. • and Corey. A. T . • The Role of Hystersis in .Reducing 
Evaporation from Soils in Contact mtb a Water Table. Journal 
of Geophysical Research. 1958. CER58RAS26. 

Schleusener, R. A.. A Switching Arrangement for Automatic. Remote 
Temperature Recording, lnstl"UDlent New Section, Agricultural 
Engineer~g • June 1958. CER58RAS2Z. 

Schleusener, R. A.. Note on Hailstones of Irregular Snape, Bulletin of 
American Meteorological Society 40( 1) :29 •. January 1959. 

Schleusener, R. A • .- Evaporativity anc1 Evaporation from Soils in Contact 
with a Water Table, presented at American Meteorological 
Society Conference on Practical Problems of Meteorology, 
September 22•24, 1958. CERS8.RAS27. 

Schulz. E. F.. Re trained Model Tests in Head Seas, April 1959. 
CER59EFS7 

Scott.· V. B. , Pressure Distribution in Porous Media During Unsaturated 
Flow. Pb. D. Dissertation submitted to CSU Graduate School, 
June 1959. 

. ,' 
Scott. V. H. , and Corey . A. T. • D~~tribution of Fluid Pressure during 

Steady Flow it:1 -~iSrlly Sat1.1rated Sands, a paper presented 
to SSSA and prepared for publication in the SSSA Proceedings . 

Shen, R. T. , Evaluation Procedures of Sediment Material for Canal 
Sealing. Revised January 1958. CER58RTS4. 

Shen, R. T., Final Report on Sediment-Sealing ith Bantonite in a Dune 
· Sand, prepared for the Bureau of Reclamation and (A. .s 

Interim Report) . CER58RTS2S. 

Shen. R. T. , Sealing Sandy Ditches with the Bentonite Dispersion Method., 
Colorado State University Agr. Ext. Ser. Circular No. 20ZA. 
(Wyo. Univ. Agr. Ext. Ser. Circular 158). 
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Shen. R. T.. Sc::.ll g Roclt itches vrith the ::Sentonite Multiple•Dam 
Methorls. Colorado State University. Ag;:. Ext. Ser. 
Circula? 203A (Wyo. Univ. Ag~. Eu. Ser. CiZ'cular 159). 

S'11en, R. T . , l',1ixing Bentonite for Sealing Purposes. Colorado State 
University Agr. Ext. Ser. Circular 204.A (Wyo. Univ. Agr. 
Ext. Ser . Circu1a1~ 160). 

Simons , D. B. • and Richardson, E. V. , A Study of Roughness in 
Alluvial Channels, presented to A. S. C. E. for Publication 
November 1958. 

Szilard, R. , Investigation of Flexible Conduit Type Structures for Atomic 
Shelter purposes, Classified report for the Martin Company, 
1958. 

Szilard, R. , Design of Underground Structures for Atomic Blast Load. 
Bulletin of Engineering Experiment Station, University of 
Utah. 1959 (In press). 

Wang, Y. W. , Secondary Circulation in Open Channels, Master'• Thesis. 
Colorado State University, May 1958. 
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Ill. PUBLIC SERVICES • 

. Maxwell Parshall prepared local weat..lier data for the two Fort Collins 

radio statioJ}S twice daily. He also transmitted weather data and forecasts 
of future weather data to Uie local newspaper and the Sugar Company onee 
e. day. and to the Public Service Company once a week. Details on unusual 
weamer, precipitation and temperature data have been given to many private . . 

citizens . Adjustments on about a dozen home barometers were made. The 

sewage analyses for- the City Plant were made weekly. Besides the above 
mentioned eeE>viees. l\.fi". Parhsall gave several talks on weather. 

In connectiO!l with Project 108 -- 11Investigati(?P..S of the Sedimenting 

Method ~f Se&lln~. Canals". R. D. Dirr:meyer answered an average of three 
to four requests per week for information on v;ays of controlling canal and 
farm pond seepage·. To simplify ~~swenng the requests. a set of how•to-

do booklets were prepared by R. T. Shen. Mr. Dirmeyer gave e: talk at 
-

the January 1959 meeting of the Arkansas Valley Ditch Association in 
La Junta. on the bentonite sealing woi'k at the University. Mr. Shen deliv 00 

ered a report on the same subject at ·the meeting of the Rocq Mowstain 
Section of ASAE in Logan II Utah. April 3rd and 4th. 

A. R. Robinson. as many others. has answered many inquiries con• 
cerlling problems involving water meast~remen.t and conveyance. seepage 

measurement and drainage. He has slso distributed. upon request, avail• 
able information concerning irrigation and drainage . lVIr. Robinsor1 is a 
membe1" of Amel'ican Society of Civil Enginee?s. Irrigation and Drainage 

Division's Task Group on Water Reclamation. He is also serving an the 
American Society of Agricultural Engineer's Com,..-riittee on Irrigation 
design. and the Colora.c'!o State University gl"acluate faculty for thesis guid~ 
a.nee. He is president of the Engineer's Club of Fort Collins. 



/ 

E. F. Schulz is serving on the Board of Directors of the South Taft 
Hill Water Association. 

Rudolph Szilard is a reviewer of German., Hungarian and Spam.sh tech-
nical periodicals for the Journal of American Concrete Institute. 

Harry K. Liu furnished information on design of backwater caused by 

bridge constriction to the Anderson-Nichols and Company in Boston; on 
design of acou:~ at siphon crossings to Whitney Borland of the Bureau of 
Reclamation in Denver; and scour depth at bridge abutments to John W. Smith 

of Washington. D. C. Dr. Liu reviewed tbe following for McGra Hill Co.: 
"Hydraulics of Open Channel Flow" by V. T. Oaow. and II Applied Hydrology" 
by Linsley, Kohler and Paulhus. 

Morton W. Bittinger is working cloae~ With th_e Colorado Ground Water 
Commission and the Colorado Well Contractors Association. At present 
he is helping plan Well Drillers• short oourse to be held on the CSU Campus 
iD June 1959. He is serving on the American Society of Agricultural Engineers• 
committee for developing a set of minimum standards for irrigation ell con -
struction. 

A. T. Corey supplied miscellaneous infonnation in connection With 

research findings to state and federal agencies as well as private individuals. 
J. E. Cermak presented a program on Atmospheric Diffusion to the 

Denver Section of American Meteorological Society; appeared on a technical 
panel of Army Signal Corps Conference on Presel'!t Status of Micro:meteoro-
logical Research; made several short tape recordings for use in C. S. U. radio 
programs; and reviewed research proposals for the National Science Founda-
tion. 

George Smith presented. by means of a movie. the research findings 

of the proje~t on scour at base of cantilever outlets to an open meeting of the 
committee on SUrfaee Drainage of Highways at Colorado State University, 
September 1958. Re was also a consultant engineer to the Division office 
of Bureau of Public Roads on prcblei!'..s involving scour at culvert outlets. 
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c:: ~eteorolog:ical pal4&"':2e'i:er s in :relation to .,.;i:rean.1 flow in the Colc:-.1."aclo 
E ·ver . e i s e member of the .i:lock-,1 Mouni ain Section A.s.-A.E. member-
s~-ip conu!'littee. 

A. R. Chambe:rlain has given talks and leotu1es to many civic oups 
during the last year. He is i ector a..'td Pi."esidem of the P..ocky Mountain 
Cystic Fibrosis Association (Public Health oriented) • He has been i volved 
in the work _ ~d organi&ation of A.RMU. Industrial Development Council • 
.Research Committee, Pane! discussion groups, etc. He serves on an. 
advisoey cmnmittee for the USDA-Forest Service Unit serving the estern 
states, and two professional task force research groups. 
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':.'h se z-e ... ..c.:'1l" ~ acuvr·ies wnich car..nc1i: be r elated to a specific esearC£'! 
oject are list ed in this sec~ion . 

A. R . Robinson is administrativezy and technically responsible for the 
.A .R. s .. unit to the Western Soil and Water Management .Research Branch, 
A .R.S • .Reported projects ~ .. e cooperative with this agency . Unit consists · 
of three professional grade / .. . R. S. employees as well as one full time and 
three part tittle sub-professionals • 

E. F. Schuiz is memb,?r of the Physical Sciences Panel - V~lunte r 
B.esearoa11 Reserv Unit 9-12 of the Naval es rve. Mr. Schulz is also an 
advisor to the Roclf1 ountain Forest and Range Experiment Station on 
hydro logic matters. 

Rudolph Szilard iJi"eiientad a paper entitled. 11Design of Underground 
Structures for Atomic Blast Load" at the meeting of A.S. T .M. in Salt Lake 
City. Utah. He also attended the joint convention. of the A. S. C .D. and 
I.A.S. B.E. in Ne York. N. Y. 

R. D. Dirm er served as a consultant for Wyoming Natural Resource 
-
Board in demonstr ion and development program of bentonite seaUng 

tirials in Wyoming during the summer of 1958. Be prepared an "Evaluation 
_,eport on Recent Bentonite Sealing Work in Wyoming Canals", published by 

th Wyoming Natural .Resource Board. and assisted several other irrigation 
companies in setting up canal sealing work. 

A. T. Corey conducted research sponsored by Petroleum Re .earcb 

Corpor tion of D~ver relating to oil 0b0aring aquifers under hydroc:\YMl'Dic 
conditions. He also served as a consultant for the petroleum in.c:lustry on 
problems dealing With multi •phase flow in porous rocks. 

J. E. Cermak cted as advisor to tbe U.S. Forest Service pers~el 
on technical problems of heat. mass and momentum transfer; to the 
Soil Conserv tion personnel on design of plant gromh chamber having 
bumidity. temperature and air circulation control; and to the P. E. C. Corpo-

~~tion on several res arch pR"obloms . lie spent two eeks at White Sands 

lvlissile Range in Job capacity of Research and Development Coordination. 
-27-
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,_ , i:ha.t every effort Ehould be mo.de t o induce the S~ate Legislature. private 
L~dustry. and individuals to make .?,vnilabl e to the University more nearl¥ 
.... doquate funds f - expenses and capital investmeirt in equipment and buildings • 
At the present time. with Experiment Station ·expense accounts essentia~ 
being held constant and no Station monies available for capital investment. it 
io impossible to conduct Station i:-esearch in a satisfactory maruier in the face 
of continually rising expense. costs and the continuous aging of presenti, avail-
able equipment • As an absolute minimum. even if additional building space 

cannot be made available:, funds should be found to offset the rising cost of 
expenses incurred in research and to replace worn out equipment. In addi-
tion to th needs for capital investment. fund are n,eded to employ addi • 

tional semi-professional as istant • At the present t ime the output of our 
professional employees is considerably leas than it could be if the, bad 
adequate semi-prof es ional help. 

) It is felt that this section ia in need of not only monies for the· things 
mentioned abov , but from the management viewpoint redistribution of 
financial support. At Ule present .time the Section obtains over 90 percent 

of its budget from non-experiment station source • T.his i an daogerously 
high percentage; wbicb hould be reduced to not over 7 5 percent by increased 
allocation of station monies to the Section. 

As a corollar,y recommendation. _csu engineers should be enrolled to 
ork for Colorado, rather than California, Wyoming, Nebraska and the 

federal governm nt as they now do duru:ig 90 perc nt of their time. Thie 
c:an only be made poasible by more station funds b ing given to engineering • 
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Submitted by 

A. R. Qiamberlain, Chief 
Civil Engineering .~!-Hlon 
April 25. 1959 
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