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FOREWORD

The éxperimentél investigation reported herein was approved by the
Director of the U. S. Army Engineer Waterways Experiment Station on 20 July
1966 as an In-House Laboratory Initiated Research Project. In order to '
expedite the program, additional financial support was authorized by the
Office, Chief of Engineers, on 23 September 1966 at the joint request of
the U. 8. Army Engineer Districts, Philadelphia and Savamnah. The studies
were conducted in the Hydraulics Division of the Waterways Eﬁperiment Sta~
tion during the period September 1966 to March 1969 under the direction of
Mr. E. P. Fortson, Jr., Chief of the Hydraulics Division, and Mr. T. E.
Murphy, Chief of the Structures Branch. The tests were conducted by
Mr, J. P. Bohan under the supervision of Mr. J. L. Grace, Jr., Chief of the
Spillways and Conduits Section. This report was prepared by Messrs, Bohan
and Grace.

Messrs. 0. F. Reyholic of the North Atlantic Division, L. G. Leach of
the South Atlantic Division, G. R. Drummond of the Philadelphia District,
and J, W. Harris of the Savannah District visited the Waterways Experiment
Station during the investigation phase of the study to discuss testing and
correlate design work with ekperimental results. Mr. S. B. Powell of the
Office, Chief of Engineers, observed experiments and reviewed results dur-
ing conduct of the investigation.

COL John R. Oswalt, Jr., CE, and COL Levi A. Brown, CE, were Direc-
tors of the Waterways Experiment Station during the conduct of the investi- N
gation and preparation and publication of this report. Messrs. J. B,

Tiffany and F. R. Brown were Technical Directors.
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NOTAT ION

Cross«sectional area of the zone of withdrawal,.sq v
Ares of the orifice opening, sq ft ' ' |
Width of the reservoir section, ft

Height of a square orifice, ft

Acceleration due to grdvity, ft/'sec2

Distance from the lower limit fto the upper limit of the zone of
withdrawal, £t ' ,

Head differential on the orifice, ft-

2
1 ¥q Beq ¥ vy &P
1-5FF] ¥, 1- 2 dy,
o Yl_Aplm o Y2 Ap2

Discharge, cfs
Time, sec

Local velocity in the zone of withdrawal at a distance ¥y below the
elevation of meximum velocity V , fps

Local velocity in the zone of withdrawal at a distance Vo above the
elevation of maximum velocity V , fps

Maximum velocity in the zone of withdrawal, fps
Average velocity in the zone of withdrawal, fps
Average velocity through the orifice, fps
Velocity of flow over the weir, fps

Vertical distance from the maximum velocity V to the correspondihg
local velocity vy s £t

Vertical distance from the maximum velocity V +to the corresponding
local velocity Vs s £t

Vertical distance from the maximum velocity V +o the lower 1limit of
the zone of withdrawal, ft
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Apé

Vertical distance from the maximum velocity V to the upper limit of
the zone of withdrawal, ft

Vertical distance from weir crest to the interface, ft

Vertical distance from the orifice g to the lower limit of the zone
of withdrawal, ft :

Vertical distance from the orifice g_to the upper limit of the zone
of withdrawal, %

Fluid density at the elevation of the orifice é, g/cc

Density difference of fluid between the elevations of the maximum
velocity V and the corresponding local velocity vy s g/bc

Density difference of fluid between the elevations of the maximum
velocity V and the corresponding lccal velocity Vs s g/bc

Density difference of fluid between the elevations  of the maximum
velocity V and the lower limit of the zone of withdrawal, g/bc

Density difference of fluid between the elevations of the maximmum

velocity V and the upper limit of the zone of withdrawal, g/bc

Density difference of fluid between the elevations of the orificeJQ
and the lower limit of the zone of withdrawal, g/cec

Density difference of fluid between the elevations of the orificeig
and the upper limit of the zone of withdrawal, g/cc



CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to

metric units as follows:

Multiply

inches

feet

square feet

feet per second

cubic feet per second

feet per second per second

-Fahrenheit degrees

BY

2.54
0.3048
0.092903
0.3048
0.0283168
0.3048

5/9

To Obtain

centimeters

meters

square meters

meters per second

cubic meters per second
meters per second per second

Celsius or Kelvin degrees¥

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,

use the following formula:

xi

¢ =(5/)F - 32). To obtain Kelvin (K)
readings, use: K = {5/)F - 32) + 273.15.



SUMMARY

Investigations were conducted to determine the characteristics of the
withdrawal zone resulting from the release of flow through an orifice from
a randomly stratified reservoir in experimental facilities for the purpose
of developing means of predicting the quality of water discharged through
similar openings in prototype intake structures. Distributions of density,
generated by differentials in both temperature and dissolved salt concen-
tration, and velocity were cbserved at various locations within a 1l-ft-wide
channel upstream of 0,08~ and 0.16-ft-square orifices. These data were
used to develop generalized expressions describing the limits of the zone
of withdrawal and the distribution of velocities therein.

In certain cases, the proximity of the free surface and/br bottom
boundary may dictate the upper and/br lower limits of the zone of with-
drawal. Means were developed (Appendix A) for evaluating the conditions
under which these boundaries dictate the limits of the withdrawsl zone and
for determining the distribution of velocities within a zone of withdrawal
restricted by boundary conditions.

A sample problem (Appendix B) is presented to illustrate application
of the results to determine the maximum discharge that may be released
through a square orifice for a given set of conditions without exceeding
the limits of a desired hypothetical zone of withdrawal. The exanple also
illustrates how the actual limits of the zone of withdrawal and the veloc-
ity distribution therein are determined. A method is illustrated for pre-
dicting the dissolved oxygen content and/br other water quality parameters
of the outflow provided the vertical distributions of these parameters in
the reservoir are known. :

A FORTRAN IV program is presented in Appendix C. This program can be
used to solve three different approaches to the selective withdrawal prob-
lem: (1) determination of the allowable discharge for selected withdrawal
limits and orifice size and elevation; (2) determination of the withdrawal
zone characteristics for a selected discharge and orifice size and eleva-
tion; and (3) determination of the allowable discharge and orifice eleva-
tion for selected withdrawal limits and orifice size. The density and/br
temperature profile in the reservoir must be known or assumed for all three
conditions.

The effect of orifice shape on the withdrawal characteristics was
tested and analyzed after the draft of this report was prepared. The re-
sults were believed to be pertinent and are discussed briefly in the Dis-
cussion section of this report., -

xiii



MECHANICS OF FLOW FROM STRATIFIED RESERVOTRS
IN THE INTEREST OF WATER QUALITY .

Hydraulic Laboratory Investigation

PART I: INTRODUCTION

General Characteristics of Reservoirs

1. Although water quality is not definitive since each user has his
own standards and any one user may have an entirely different attitude
toward the quality of water which he receives for use and that which he
wastes, the public has become increasingly aware of the term "water qual-
ity" as’ it applies to personal consumption and recreational use. Public
Law 660 as amended by the Federal Water Pollution Control Act Amendments of
1961 - (PL 87-838), the Water Quality Act of 1965 - (PL 89-234), and the
Clean Water Restoration Act of 1966 were significant steps toward an ac-
celerated national attack on pollution and enhancement of the quality and
value of our waler resources.

2. In a broad sense, reservoir operation in-the interest of water
quality has been common practice throughout history, but operation in thé
past has been governed primarily by other single or multiple purposes for
which the projects were constructed. The need for increased efforts to obe-
tain optimum use of our water resources becomes more evident with the
growth of population and industry and the increased demsnds on our water
resources, . A

3. Solar energy and the process of photosynthesis generally assist
in supporting the oxygen content of impounded water. Circulation induced
by wind, convection, and the flow of water entering and being withdrawn
from the impoundment assists in distributing such water to all parts of the
reservoir. However, circulation may be restricted by the presence of a
thermocline (a layer of sharp temperature difference)rand the correspond-
ing stratification of the reservoir., Stratification due to chemicals or

dissolved solids and turbidity or suspended solids is possible also in
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freshwater reservoirs. Water below the thermocline or interface is gener-
ally void of sunlight due to the depth and/br turbidity involved, and its
oxygen content is diminished by the decay of settling matter. Products of
oxygen reduction will accumulate, and the water may eventually acquire an
unpleasant taste and odor or become unfit for supply. Thus, the thermal
stratification becomes a chemical stratification also. No attempt is made
herein to discuss the use and/br effectiveness of pneumatic and hydraulic
methods of preventing stratification by inducing circulation or the result-
ing effect of such methods on the quality of impounded waters. The need
for increased knowledge regarding water quality characteristics of reser-
volrs, the mechanics of stratified flow in reservoirs, and the mechanics of
selective withdrawal to permit predictiomn of the changes in water guality
of proposed reservoirs during the planning stage is apparent. This infor-
mation is also required for the proper design of structures for selective
withdrawal, and the determination of the method of operation reguired for
effective control of both the thermal and the chemical guality of releases
from stratified reservoirs. This is particularly true in the case of res-

ervoirs and multipurpose projects presently in the plamming and design

stages in various offices of the U, S. Army Corps of Engineers for which

;pecific requirements relative to the thermal and chemical quality of re-
leases are desired,

L4, Investigations of reservoir water quality are being conducted by
various private and governmental agencies throughout the United States. In
time, continued investigations of the physical, chemical, and biological
characteristics of existing streams and reservoirs will provide data re-
garding the mechanics of stratified flow in reservoirs and knowledge suf-
ficient for the development of accurate ways and means of predicting the
seascnal variation in the quality of future impoundmenfs and the realiza-~
tion of the idealistic optimum use of our water resources. Such data up-
stream and downstream of existing regulating structures will be useful in
evaluating the effectiveness of various structures and means of regulation
on reaeration and general improvement of our water resources. In reality,
there are many unknowns relative to the physical, chemical, and biclogical

characteristics of existing streams and reservoirs and the effects of



various multipurpose requirements on the quality of impounded water. These .
can be determined only by continued study of the general characteristies of

existing streams and reservoirs.
The Problem

5. Planners and designers are faced with the problem of predicting

~the quality of impounded water and developing means for effectively con-
trolling the thermal and chemical quality of releases from stratified res-
ervoirs passed through powerhouses, spillways, and outlet works. Informa-
tion for predicting general water quality characteristics and the effec-
tiveness of structures in selectively withdrawing releases from various
levels of a reservoir is urgently needed at present for the design of
miltipurpose projects in which specific thermal and chemical requirements
for the releases are desired based on existing and/br future heeds. To en-
sure that these requirements can be met most of the time, multilevel intake
structures and submerged weirs for selective withdrawal purposes are pro-
posed for several multipurpose projects being designed in variocus offices
of the Corps of Engineers. On certain projects, selective withdrawal is
desired not only during periods of low flow releases in late summer and
early fall when the reservoirs may be highly stratified, but also during
reservoir flushing operations when release of bottom water is desired.
Certain projects require relatively high rates of outflow during normal
operation, and the blending of water from intermediate levels with surface
water may be necessary for successful operation. The desire to release
good quality water regardlesé of conditions, including discharge, will re-
quire a procedure for monitoring the characteristics of water within the
reservoir as well as that withdrawn. Therefore, knowledge of the pattern
of flow to be expected in the immediate and upstresm vicinity of various
intake structures, and of the effect on withdrawal of the size, shape, and
vertical spacing of multilevel openings, is desired to permit prediction of
the level of the reservoir from which releases can be anticipated and the
optimum location for fixed monitoring stations within the reservoir. Eval-

uvation of the effectiveness of submerged skimming weirs or thermal barriers
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in preventing the intrusion of cold water void of dissolved oxygen into

powerhouse intakes and single-level outlet works is of primary concern also

Backgrouhd, Purpose, and Scope of Study

6. Obviously, the U. S. Army Fngineer Waterways Experiment Station
(WES) is interested in developing model techniques for solution of these
and other problems associated with the mechanics of stratified flow and
select? -e withdrawal. During 1966, the Director of WES approved an In-
House Laboratory Initiated Research Project to assist in accomplishing this ,
task. In addition, the Office, Chief of Engineers, and, in turn, the Phil-
adelphia, Savannah, and St. Louis Districts approved model studies con-
cerned with the mechanics of selective withdrawal from stratified reser-
voirs for the purpose of assisting in the design and evaluation of certain
proposed structures, specifically the outlet works for Beltzville, New
Hope, and Meramec Park Reservoirs. The Savannah and Philadelphia Districts
also authorized funds to supplement the generalized tests of the In-House
Research Project, the basis of this report.

7. A continuing review of literature was initiated during September

1966, Generation of stratification or density differentials by the addi-

tion of dissolved and/br suspended solids and by means of temperature dif-.
ferentials was considered, and the present consensus of'engineers at WES is .
that the use of dissolved solids (salt) is the most practical method of
generating density differentials in WES facilities which are subject to the
temperature variations of the local climate. Investigations concerned with
the development of model technlques, instrumentation, and tests of a gener-
alized nature were undertaken to determine the characteristics of the with-
drawal zone upstream of an orifice for various conditions of stratification
in order to develop generalized equations for use in predicting the quality
of water discharged through similar openings in prototype intake structures.
8. Tt was considered that any practical method for predicting the
quality of water discharged through an inlet should be based upon the extent

of the zone of withdrawal and the distribution of velocities within this

' zone. Then, if the distribution of one or more water quality parameters



is known, the resulting vaelue of temperature, dissolved oxygen, or other
parameter of the release could be computed., The facilities,‘experiments,
test results, and data analyses utilized fof determining generalized equa~
tions that describe the extent of the zone of withdrawal and the distribu-

tion of velocities therein are the basis of this report and are described

in subsequent sections.
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PART II: EXPERIMENTAL FACILITIES

DescriBtion

9. The experimental facilities (fig. 1) contained a square orifice
with rounded entrance cut in a pilece of plastic and located in the center
of a l-ft*-wide channel. This orifice simulated a typical opening, such
as that proposed for the New Hope Reservoir intake structure, to scales
of 1:50 and 1:100. Approximately 18 ft of the l-ft-wide, 2-Tt-deep chen-
nel was provided upstream of the orifice. A headbay 40 ft long, 16 £t
wide, and 4 ft deep was provided upstream of the channel for the purpose
of providing a relatively large reservoir supply of salt water. Water
was supplied by a pipe and weir box that extended across the full width
of the headbay. The weir box was supported by screw Jacks in order that
the base or lip of the box could be set at the interface or surface of the
saline water. Fresh water was slowly introduced through the box and over

the broad-crested weir and saline water in order to establish the upper

FRESH-
WATER
INFLOW

R . - &l !
FaTey ! ) 1% venTuR
o=t D 1 T )
L } { ) - VALVE
g >t 18 40 —
FLA SCREW JACKS
AH
N _
i‘_ == || omiFicE ¢ _FLOW s ‘J—Lf
VALVE I TTTTTTIITS W //%/// ;i?‘;l:_
[]"":IF /;,} % P / %%% INFLOW
OUTFLOW
PROFILE

Fig. 1. Experimental facilities

% A table of factors for converting British units of measurement to
metric units is presented on page X1.
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stratum. Approximately 6 £t of channel was provided downstream of the
orifice with a drain pipe and valve for control of the head differential
on the orifice., The orifice was calibrated'and used for measuring the
quantity of the outflow. A venturi meter was used to measure the quan-
tity of fresh water supplied through the weir box at the upper end of
the facilities. _

10. The lower, denser stratum was generated by filling the headbay
and channel to a predetermined level with fresh watér and mixing in salt
and dye to give the desired density and red color. The weir box was placed-
at the surface of the saline wéter and fresh water was placed over the sa-
line water to create the upper stratum. Initially, a very distinct two-
layer stratification existed; however, the variable temperature of the
atmosphere generally heated and cooled the upper stratum during the day and
night to the extent that it was necessary to cbserve temperatures as well
as salinity in order to determine an accurate measure of the density gradi-

ent in the experimental facilities.

Instrumentation

1l. Temperature and salinity gradients in the facilities were meas-
ured in place by means of commercially available instrumentation (see
fig. 2). A conductivity probe, 5/16 in. in diameter with 1/16-in.-diam
platinum electrodes, was used to measure conductivity. The platinum elec-
trodes were approximately 1/8 in. long and spaced 1/16 in. apart. The
pbrobe was interconnected in one leg of a Wheatstone bridge circuit within
the conductivity indicator. A millivoltmeter was connected to the conduc~
tivity indicator and provided a digital readout of the conductivity. Since
teméerature compensation was not provided in the conductivity probe, it was
calibrated in different concentrations of saline water at different temper-
atures. The actual density of the fresh and saline waters used in the fa-
cilities and for calibration purposes was determined by means of a gravi-
metric balance since the sump water was not distilled water. This calibra-
tion could be checked quite easily, since conductivity varies linearly with |

the salt concentration which in turn varies linearly with the density.
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Fig. 2. TInstrumentation used in experimental facilities

Thermistors were used to measure the water temperature in the medel facil-
ity. Thirty thermistors were used throughout the system, and these were
read by one channel of a digital thermometer through a 30-point ceonnection
box and a 30-point scanning system. The scanmning system and digital ther-
mometer were, in turn, connected to a two-channel printer so that the 30
temperatures could be read and printed in approximately l-l/? min, A sin-
g gle thermistor was connected to a point gage along with the conductivity
probe, as shown in fig. 2, to obtain vertical profiles of conductivity and

tempersture for determination of the density of the fluid in the facilities.
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PART III: TESTS AND RESULTS

Test Procedure

12, After a two-layer stratification had been generated, the test
was initiated by introducing a given discharge of fresh water into the
headbay and releasing an equal amount through the orifice, control valve,
and drain. All of the tests were conducted With‘steady, uniform flow cone-
ditions. Approximately 1 hr was required for the secondary currents in-
duced by initiating and/br changing the flow to settle out or become steady
and uniform. Veloecity distributions were obtained by dropping dye parti-
cles into the flume at three locations (1, 3, and 8 £ upstream of the orif
fice) and photographing the resulting streaks at each location with movie |
cameras. A typical dye streak is shown in fig. 3. The indicated upper and

lower limits of the withdrawal zone occur at the points of zero velocity in

Fig. 3. Typical dye streak



the flow. Temperature and conductivity profiles were then cbtained at the
locations 1 and 8 ft upstream of the orifice, Temperatures of the water

within the headbay and of both the inflow and outflow were cbserved also.
Basic Data

13, The movies of the dye streaks and grid system.painted on the -
| plastic side of the chammel were projected, and the frame at which the
: streak reached the bottom of the channel was traced and used as the refer-
ence time t = 0 . The film was projected again and sto@ped three cther
times so that the dye streaks could be traced. The error due %o distortion
and refraction was taken into account at this point. A typical set of
traced dye streaks is shown in fig. L, The time between the streaks was
determined based upon the known speed of the camera and the number of
frames between the traced streaks. The.velocity at every 0.1 ft of depth
was calculated by dividing the scaled horizontal distance between the
traced streaks by the increment of time elapsed. Thus three velocity dis-
tributions were cbtained at each location upstream of the orifice, and
}~7ﬂ~,A» _these were averaged to yield one representative distribution.
% 14, Temperature and conductivity readings were converted to deter-

mine densities at various depths, and these values were plotted to

0 0
¥

A liie e
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/ %
. t=0 SEC.
/

- \_
- S
2 2
6 7 . 8 1.0000 1.0008 1.0018 1.0024
DISTANCE UPSTREAM OF ORIFICE, FT DENSITY, G/CC

Fig. 4. Typical dye streaks and density profile
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determine the density profile at the locations 1 and 8§ ft upstream of the
orifice. A comparison of the density and velocity distributions at the dif-
ferent locations upstream of the orifice showed very close agreement. It
appeared that only those streaks within a distance of about three times the
height of the orifice were distorted materially by the contractive effects
of the orifice. However, since the thickness of the zone of withdrawal did
tend to increase very slightly in an upstream direction, it was decided that
only the density and velocity distributions obtained at the location 8 ft
(50 times the oriffce height) upstream of the orifice would be used in the

data analyses. These distributions are presented in plates 1-3.

Data Analyses

15. General observations as well as those made with the dye streaks
indicated the existence of a zone of withdrawal above and beléw which there
was no flow (fig. 3). It was desirable and necessary to describe the upper
and lower limits of this zone of withdrawal. The imporiant variables ap-
peared to be the size of the orifice, the velocity through the orifice, the
density profile, and the vertical location of the orifice relative to the
density profile. A definition sketch of the variables involved is shown

in fig. 5. The data were plotted as shown in plate L in terms of the

__weeERLMT ] -7 \_ e
_{ v
' EL ORIFICE ¢
ApZm W

DENSITY PROFILE

=3
s
|
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YEL DISTRIB.
(L] r])

L1  eowemR yuwer

A 775

. Fig. 5. Definition sketch of variables
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densimetric Froude number and the ratio Z/D . The equation of the line

shown is
o _
= [2Y,/00" (1)
o= (3| F e
e}
where
VO = average velocity through the orifice, fps
Z = vertical distance from the orifice £ to the upper or lower limit
of the zone of withdrawal, ft
D = height of a square orifice, 't
Ad® = density difference of fluid between the elevation of the orifice
g_ and the upper or lower limit of the zone of withdrawal, g/cc
P, = density of fluid at the elevation of the orifice £, g/cc
g = acceleration due to gravity, ft /sec_:2

. Ap! . . . .
The quantity VO / ;L g7 is defined as the densimetric Froude mmber,

o)
t

where Ee- g represents the modified gravity force. As indicated in
o

plate 4, two differént sizes of orifices (0.08 and 0.16 £t square) were

tested and good correlation can be seen between them. This relation is

“valid for both the upper and lower limits of the withdrawal zone, excepl

in cases where the upper or lower limits of the zone intersect either the
free surface or bottom boundary, respectively. A method for determining
whether the withdrawal zone extends to the free surface or bottom boundary
and a technique for determining the velocity distribution for such condi-
tions are presented in Appendix A.

' 16. The movies of the dye streaks indicated that the maximum veloc-
ity within the zone of withdrawal, in most cases, did not occur at the ele-
vation of the orifice center line (¢). The data shown in plate 4 indicate
that the upper and lower extents of the zone of withdrawal sre functions of
the ares and densimetric Froude number of flow through the orifice. Data
analyses indicated that the maximum velocity occurred at the elevation of
the orifice g only when the withdrawal zone was vertically symmetrical

about the elevation of the orifice _,d_ . The maximum velocity occurred below

. the orifice ¢ when the vertical extent of the lower limit of the withdrawal

zone was less than that of the ﬁpper limit, Similarly, the maximum velocity

12



occurred above the orifice Q vhen the distance from the orificelg_to the
lower limit was greater than the distance from the orifice g to the upper

limit (fig. 6). A plot indicating the relative position of the maximm

] T
i >

i 1

Z1=2, 2,> 12, ) Ly<Zy
¥V AT ELEVATION OF ¥ ABOVE ELEVATION OF V BELOW ELEVATION OF
ORIFICE € ORIFICE £ ORIFICE €

Fig. 6. Location of maximum velocity relative to elevation
of orifice center line

velocity in terms of Yl/H and Zl/H is shown in plate 5. The wvariables
are illustrated in fig. 5, and defined as follows:

Yl = the distance from the elevation of maximm velocity to the lower
limit of the zone of withdrawal, ft

H = the thickness of the withdrawal zone (ZI'+ Zg), Tt

Plate 5 can be used to determine where the maximmm velocity will ocecur,
after Zl and Z2 have been determined from equation 1.

17. The next objective was that of developing a dimensionless veloc-
ity distribution so that for any given situation the velocity distribution
could be described. The problem was approached by first plotting the rae-
tios yl/Yl and Y2/Y2 against vl/V and v, /V , respectively,
vwhere:

¥y = the vertical distance from the maximum velocity down to a point
on the velocity distribution, ft

Vo = the vertical distance from the maximum velocity up to a point on
the velocity distribution, ft

Y. = the vertical distance from the maximum velocity to the lower
limit of the zone of withdrawal, ft

Y, = the vertical distance from the maximm velocity to the upper
limit of the zone of withdrawal, ft

13
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vy the loecal velocity at ¥y s f'ps
vy = the local velocity at Vo fps
V = the maximum velocity in the zone of withdrawal, fps

These plots, not shown herein, produced varioms unsymmetrical shapes and
indicated the need for incorporating the effect of density. Observations
of the velocity and density distributions indicated that a sudden reduction
in velocity was always associated with an abrupt increase in density.

Since density and pressure are directly related and pressure and velocity
are indirectly related, it seems quite logical that the observed phencmenon
should occur and thus distort the veloeity distributions. The most satis-

factory fit of the experimental data was obtained by plotting

¥, &p Yo &9 v v
?ij§5£~ and EEL7§£%_ against 1% and 7? , regpectively, where:
1 lm 2 T"Zm
bpq = density difference of fluid between the elevations of the max-

imum velocity and the corresponding local velocity vy g/cc

Ap2 = density difference of fluid between the elevations of the max-
imum velocity and the corresponding local veloclty \CE g/bcr

Aplm = density difference of fluid between the elevations of the max-
B imum velocity and the lower limit of the zone of withdrawal,
g/ce

Apgm = density difference of fluid between the elevations of the max-
imum velocity and the upper 1limit of the zone of withdrawsal,

g/cc

This approach not only satisfied all of the test data, but also made the
upper and lower sections of the dimensionless plot symmetrical about the
axis, ;}—’ = 0 . The data are plotted in plate 6 and are satisfied by a pa-

rabolas whose equation is

v pARAY: 2
V=( “YApm) (2)

This equation can be used to describe both the upper and lower sections of

a velocity distribution using the elevation of the maximum velocity as the

reference elevation.

18. A comparison of the velocity distribution cbser¥ved during a

1
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Fig. 7. Comparison of observed and computed velocity
distributions for a single test condition

single test and that computed based upon equation 2 is shown in fig., 7. If
the limits of the zone of withdrawal, the location of the maximm velocity,
and the density profile are known, this procedure can be applied to deter-
mine the relative value of the local velocity to the maximum velocity at
any vertical position within the zone of withdrawal.

19. However, the need for a method of determining the magnitude of
the maximum velocity for any given condition is apparent. Since the magni-
tude of velocities at a given elevation across the experimental channel ap-
Peared to be the same except in the immediate viecinity of the side bound-
aries, it was assumed that the vertical distribution of velocities is.conw
stant throughout the full width of a reservoir. Based upon this assumption,
the relation between the average velocity V and the maximm velocity V
in the zone of withdrawal and across any cross section of a reservoir is ex-

Pressed as follows:

1 2
:tj.vl dy, + b v, 4, (3)
L Yo 0

15



IS TR ENE DS N

PRaApliiaile

saaidzrliiiiilircgoiiialind

SR N

where

¥V = the average velocity in the zone of withdrawal, fps

Q = the total discharge through the orifice, cfs

A = cross-sectional area of the zone of withdrawal, sg 't |
b = the reservoir width, ft

This can be written as:

1 2
1 2 |
f 2ad! +f 7 W2 ()
0 0

Substituting equation 2 into equation 4 yields:

1 2 *2 2
T ¥, & Yo O
y_1 L L dy. + l---——--—2 2 ay (5)
vV H I, Aplm 1 T, Doy 2
0 0
In order to solve the above integrals, % must be expressed as a function
m
of % . If the density profile is known, this can be easily accomplished.
The ratio %%— may be several different functions of % in the zone of

m
“Withdrawal depending upon the density profile; thus, a separate integral

mist be written for each 0 f(%) . Fach of these integrals can now be -

ApI]:I.

evaluated and all added together, ' Letting the sum of the integrals egual

K , the equation can be written as follows:

v _X '
v E - ©
where V = Q/bH . Then
L8 K
yielding
_—
V= (8)

Tt is now possible to determine the upper and lower 1imits of the zone of

16



- withdrawal and the velocity distribution within this zone. This technique
is demonstrated in the example presented in Appendix B. 1In certain cases,
the proximity of the free surface and/br bottom boundary may dictate the
upper and/br lower limits of the zone of withdrawal. Means for evaluating
the conditions under which these boundaries dictate the limits of the with-
drawal zone and for determining the distribution of velocities within a
zone of withdrawal restricted by boundary conditions are presented in Ap-
pendix A. The sample problem {Appendix B) is presented to illustrate ap-
plication of the results to determine the maximum discharge that may be re-
leased through a square orifice for a glven set of conditions withouﬁ-ex—
ceeding the limits of a desired hypothetical zone of withdrawal, the actual
limits of the zone of withdrawal, and the velocity disiribution therein,
The example alsc illustrates how the relative contribution of each of sev-
eral vertical extents or layers to the total release can be determined
based upon knowledge of the extent and distribution of velocity within the
zone of withdrawal, and then with assumed or known distributions of temper-
sture, dissolved oxygen content, and/br other water quality parameters, how
the value of each parsmeter representative of the total release can be pre-

dicted by means of weighted averages.

17
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PART IV: DISCUSSION

20, Although the scope and results obtained in the current studies
reported herein are not as comprehensive as desired, a means of predicting
the limits of and the velocity distribution within the zone of withdrawal
upstream of an orifice has been developed. From these, the relative con-
tribution of selected vertical extents or each layer to the total release
can be d:--ermined. Then, with assumed or known gradients of temperature,
dissolve . oxygen content, and/br other water quality parameters, the value
of each parameter representative of the total release can be estimated by ,
means of weighted averages. A FORTRAN IV program has been developed and is .
available in order to make computations on a GE-L25 computer. If other
pertinent hydrographic data and methodology are known, these results can be
applied to predict the effectiveness of proposed selective withdrawal struc=-
tures and plans of reservoir operation for the preservation and enhancement
of water resources.

21, TNumerous variables should be evaluated in future research ef-
forts; for example, the effects on selective withdrawal characteristics of
‘the shape and the vertical and horizontal spacing of orifices are desired
25 well as the width of the orifice relative to the reservoir. Investiga-
tions to evaluate the effect of orifice spacing and width of the orifice
relative to the reservoir are currently planned. Tests to determine the
effect of orifice shape are presently under way. Preliminary observations
indicate that the orifice shape has no effect on the withdrawal character-
jstics for the shapes tested. These included a circular orifice and two
rectangular orifices, one with the height twice the width and the other with
the width twice the height. The three shapes tested had an area of 0.0256
sq Pt, which is equal to the area of the 0,16-ft-square orifice. The re~
lation in plate 4 was modified by replacing the D2 term with Ao , 88
shown in plate 7. The data points for the cireular and two rectangular
orifices as well as a few points for the square orifices are shown plotted

in plate 7. This plot indicates that the orifice shape, at least within

the limits of the shapes tested, has no effect on the development of the

- withdrawal limits., It is suggested that plate 7 be used to determine the

18



withdrawal limits instead of plate 4, since plate 7 is valid for all ori-
fice shapes. | _

22, Three=-dimensional models operated in such a manner that they re-
produce typical hydrographic records should be utilized to investigate the
effects of unsteady and varied flow conditions due to variations in geon-
etry, inflows, outflows, étorage, and density that are characteristic of
prototype reservoirs. The results of even limited tests in such models
would be most beneficial in the development of mathematical models and come
puter programs for solution of the problems associated with the planning,
design, and operation of reservoirs.

23. Additional studies are desired to investigate-model scale ef-
fects and the relative importance of ‘viscous effects. These are believed
to be most pertinent and are required for development of models and tech-
nigques that accurately simulate prototype systems. For example, 1t appears
that similitude of stratified flow systeﬁs should be based upbn the Froudian
criteria, but surely the viscous effects and the Reynolds criteria should be
considered so that the fundamental character of flow is the same in both
model and prototype. This could be accomplished by reducing the width of
the model to increase approach velocities and obtain values of Reynolds
numbers comparable to those anticipated in the prototype. However, results
of tests in a 1:20-scale, three-dimensional model of the intake structure
proposed for New Hope Reservoir agree most favorably with those obtained
for the small orifices and generalized study that simulated a single inlet
to scales of 1:50 and 1:100.

24, The effect of geomgtry in the vicinity of an intake structure
has been observed to be significant based on the results of specific model
studies. For example, in tests of the 1:20-scale, three-dimensional model
of the structure proposed for New Hope Reservoir, the model indicated that
an inlet located on the upstream face would permit releases approximately
double that permitted through a side inlet without initiating withdrawal
below the interface or thermocline. Stratified flow patterns observed in
the 1:4O-scale, three-dimensional model of the outlet works proposed for
Meramec Park Reservoir, which reproduced approximately 400 to 500 £t of the

reservoir topography and a curved, narrow approach channel upstream of s

19
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single-level intake, indicated local geometry to be of importance also.
The narrow approach channel and shallow depth of the reservéir created
shear along the interface, which, during high flows, caused considerable
turbulence and mixing along the interface. Considerably greater mixing
and/br blending of the warm and cold waters would be anticipated with an
intake structure located in a relatively shallow, narrow section of a res-
ervoir. The interface tends to be elevated and lowered,'respectively,-
along the inner and outer portions of a curved approach channel. Based
upon these observations, the geometry of multiple- and/br gingle-level
intakes and that adjacent to the intakes may have a significant effect
upon the withdrawal characteristics. 7 7

25. Limited investigations have\been conducted to determine the con-
ditions required to initiate withdrawal of a lower, denser fluid over a sub-
merged weir for the purpose of evaluating the effectiveness of such a struc-
ture in preventing the release of water from the lower level of a reservoir
through a single, low-level intake of a powerhouse or outlet works. A sche-
matic sketch of such facilities which utilized a l-ft-wide channel and the

variables investigated are presented in fig, 8. Test results obtained with

- tvwo- and three-dimensional models are presented in fig. 9. The three-

dimensional model data were obtained from the 1:40-scale model of the
vertical-faced weir proposed for construction upstream of the outlet works =
for Meramec Park Reservoir. The open symbols represent conditions that
produced initial and very small qﬁantities of withdrawal. The single solid
cirele shown in fig. 9 represents a flow condition in which it appeared
that a considerable amount of the denser fluid (saline water) was being
withdrawn; however, measurement of the volume of saline water withdrawn in
a given time indicated that the quantity withdrawn was only about 8 percent
of the total discharge released. Additional model tests of a similar welr
proposed for construction upstream of the powerhouse intakes in Clarence
Cannon Reservoir in which the quantity of saline water withdrawn was deter-
mined by the dilution method indicated that the ratio of the guantity of
denser fluid withdrawn to that of the total flow was a function of the

_ ratio of the actual to the limiting densimetric Froude nurber as shown in

fig. 10, These limited data indicate that the denser fluid comprises only

20



— — 4
1!
Y
H
P
1
ZO
N ~ 4
// 7 /
Fig, 8. Weir facilities
3 4
3 Bo et
s
v, 50”‘”— N\OD
- ] 0358z SR
Fa® TRARES
2L gz, EDA“E\R an
4 G
. m-o
|CN-" 1h
: ﬂ" Fy2 02l yoDEL)
1 -, wo_DlMENSIO
RQAD‘ .
/0{- ]~0N'3 B
0 Q/?)/‘
1 2 3 4 -] [} 7 a8 2]

Fig. 9. Withdrawal characteristics of weirs

21



0

Fig. 10. Guantity of dense fluid
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sbout 10 and 20 percent of the total flow for conditions where the actual
densimetric Froude mumber and/or velocity over the weir are double and
triple, respectively, the limiting value at which withdrawal is initiated.
26, Tn conclusion, it is considered that the use of hydraulic models
to evaluate the effectiveness of specific proposed structures should be en-
couraged to ensure reasonably adequate and accurate performance of proposed
projects as well as to gain additional knowledge concerning the mechanics

of stratified flow and refinement of the state-of -the-art.
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APPENDIX A: ANALYSIS OF FREE SURFACE AND BOTTOM BOUNDARY EFFECTS

Introduction

1. In many cases it is desirable to locate an orifice relatively
close to the free surface or bottom boundary of s reservoir, which may
cause the zone of withdrawal to extend to these boundaries. During the
testing program, conditions were encountered in which the free surface
controlled the upper limit of the withdrawal zone and the data of these
tests were analyzed independent of those previously reported in the main
text. The vertical distribution of velocity and density.for these partic-
ular tests is shown in plate Al. The technique for determining the limits
of the zone of withdrawal and the velocities within this zone, presented
in the main text, is not valid for these conditions. A method for de-
termining whether the free surface controls the upper limit of the with-
drawal zone and for calculating thé velocity distribution for such con-
ditions follows.

Data Analysis

2. Por conditions of free surface centrol, Z2 and Apé are fixed
by the presence of the free surface. The densimetric Froude humbers, for
the tests conducted, were calculatea using these restricted values and
plotted against the ratio Z/D s as-shown in plate A2. The points fall to
the left of the suggested curve, and an examination of the parameters
shows that restricting 22 will cause this effect. This Provides a method
for determining whether or not the withdrewal zone extends to the free
surface in a prototype situation. A point can be plotted on the graph of
plate A2 by using the distance from the orifice center line Qg) to the free
surface and the corresponding density difference. A point that falls to

the left of the Suggested curve indicates that 7 is being restricted,

2
and thus, the withdrawal zone does extend up to the free surface. A point
that falls to the right of the suggested curve indicates that the with-

drawal zone does not extend up to the free surface and that the technique

Al
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developed in the main text of this report can be used. This technique
can also be used if the point falls on the suggested curve. This con-
dition indicates that Z2 is not being restricted, but that the dis-
tance from the orifice g'to the free surface and the corresponding fluid
density difference are the quantities controlling the limit of the zone
of withdrawal above the orifice gﬂ Thus, a check is provided to deter-
mine whether or not the free surface affects the upper limit 6f the zone
of with rawal. A _

The elevation of the maximum velocity observed during the tests
in which the free surface controlled the upper limit of the withdrawasl zone.
satisfies the relation deveioped in the main text and shown in plate 5.
This plot can be used to determine the elevation of the maximum velocity
for conditions in which the zone of withdrawal is not affected by the free
surface as well as those in which the free surface controls the upper
limit of this zone. ' '

4, The velocity profiles observed during the tests in which the
free surfacé controlled the upper limit of the withdrawal zone were not
satisfied by the dimensionless velocity distribution curve developed for
conditions in which there was no boundary effect. The most satisfactory

£it of the experimental data for conditions of free surface control was

found by plotting 1 --% versus %%éi%- , as shown in plate A3. This pro-
m .

vides a means of determining the ratiocs % for conditions in which the
withdrawal zone extends to the free surface. The maximum velocity V can
be determined for any condition by the method presented in the main text.

Once the magnitude of V is determined, the local velocities can be found.
Discussion

5. This procedure provides a method of determining whether or not
the zone of withdrawal extends up to the free surface and, if so, a means
of determining the velocity distribution above the elevation of maximum

velocity. There are undoubtedly a mumber of degrees of free surface ef-

 fect on the upper limit of the withdrawal zone. These different degrees

A2



of effect will probably produce slightly different velocity distribu-
tions; however, it is felt that the procedure outlined in this appendix
will give a good approximation of the actual velocity distributions for
these different conditions. The technique Presented in this appendix can
be used for orifice shapes other than a square, within the range of shapes
tested, by replacing D2 with A.o in the relation in plate A2,

6. Analysis revealed that, for the conditions in which the free sur-
face controlled the upper limit, the location of the lower limit of the
withdrawal zone could still be determined by the suggested curve in plate
A2. The velocity distributions from the elevation of the maximum velocity
to the lower 1limit in these cases were found to satisfy the dimensionless
veloeity distribution curve in plate 6 (of main text). This indicated that
the lower portion of flow from the stratified system was developed inde-
pendent of the upper portion. _

T. No tests were conducted in which the zone of withdrawal extended
down to the bottom boundary. This condition would be similar to the con-
dition in which the free surface controlled the upper limit of the with-
drawal zone, in that the distance Zl would be restricted by the pres-
ence of the bottom boundary. It is believed that the procedure developed
in this appendix can be used to determine whether or not the withdrawal
zone extends down to the bottom boundary, and if so, to determine the ve-
locity distribution for the flow below the elevation of maximum velocity.
This procedure, although unproved, will give an approximation of the actual
veloeity distribution for this condition until a better technique is
developed.,

8. The information presented in this appendix is of a preliminary
nature. It is presented in this preliminary form because of the urgent
need for such design guidance by the district offices of the Corps of
Engineers. Some of the information is purely engineering judgment from
knowledge acquired from observations made during conduct of the model
tests. This information can be verified or disproved with further stud-
ies; however, until that time, it will serve as a guide in approximating
veloelty profiles for conditions in which the free surface or bottom bound-

ary limits the zone of withdrawal.

A3
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9. For orifice shapes other than & square, plate A2 should be re-

placed by plate 7 of the main text.
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APPENDIX B: SAMPIE PROBIEM

1. The sample problem presented is one in which the orifice size,
orifice elevation, and profiles of density and dissolved oxygen content are
tnown and the limits of the withdrawal zone are selected. The unknown
quanti%ies are the'dischérge and the dissolved oxygen content of the cut-
flow. The orifice size and elevation and the profiles of density and dis-
solved oxygen were chosen to illustrate the technique and may be unreal-
istic. However, any combination of these parameters can be handled in the

sS&e manner.

Problem

2. An 8-ft-square orifice is located 60 ft below the water sur-
face of a reservoir, which has density and dissolved oxygen profiles as
shown in figs. Bl and B2. The desired upper end lower limits of the zone
of withdrawal are at el 140 '
and 75, respectively. Deter-
mine the maximum allowable \\\\‘\

140

discharge that can be with~ \\
drawn through the orifice 1 ' j Z

1560

without exceeding the desired

EL OF ORIFICE

limits of the withdrawal zone \ T
for a reservoir section 100 £t : il

80

ELEVATION, FT

wide. Also, determine the ve-

locity distribution within the - @

zone of withdrawal and the dis-
40

solved oxygen content of the

outfiow.

Given quantities: \
a

Zl 25 't
Z

Lo ft DENSITY, 6/CC

8 7t Fig. Bl. Density profile
64 sq ft

32.2.ft/éec2

2

D

A
o

g

Il

B1

0.997 0.598 0.99% 1.000
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|

Quantities obtained from the den-

sity profile:
' 0.99850 g/cc

140 P

o
Ap} = 0.00080 g/ce
[ A | - .
o5 0.00035 g/cc

160 ‘ GRIFICE € - ‘../ —
s Solution
80 ,/

ELEVATION, FT

_ //// 3. The first objective is to
" g determine the maximum average ve-
| / locity that may exist through the

| { orifice without withdrawing beyond

20 the desired limits of the with-

drawal zone. Thig is done by com-

o 12 3 4 & & 7 8  puting the allowable velocity first

GISSOLYED OXYGEN, MG/L
for the lower limit and then for the

Fig. B2. Dissolved oxygen profile upper limit. These two velocities

are compared and the lower of the two is designated the controlling veloc-

_ity, since if the higher velocity was used, the withdrawal zone would ex-

tend beyond one of the desired limits. Equation 1 of the main text is used

to determine these allowable velocities.

vV = (_Z_l_)2 ﬁ _ (_2__5,)2 0.0008 (32.2)(25) = 7
o \D Pg &) = \8 0.9985 ‘32 = 7.9 fps
2
Z AV o
= -2 _2 _ (ko 0.00035 _ |
VO _(D ) po gZE - (8 ) 0_9985 (3202)()4'0) = 16.8 fps

The controlling velocity is therefore 7.9 fps. The allowable discharge

through the orifice can now be determined from the equation of continuity.

AV

O
1l

6t sq £t X 7.9 £ps = 506 cfs

O
1l

4. Since the allowsble velocity for Z, was not used, it is

B2



necessary to compute the actual % for the controlling veloeity. Now

2

the unknown quantities in equation 1 are Z, and Apé , and these are

2
separated to one side of the equation. The known quantities are substi-
tuted into the equation, and a value is obtained as shown below. Then a
trial-and-error procedure is used to determine Z by selecting a Z

2 2
and determining the corresponding Apé from the density profile. This

is illustrated below. _
2
Al
v =(_Z__e.) T2
o D 2

4 o
05 s . D0 (8)(0,0085)(7.9)% _ .
2 "2 g 32.2
Try Z, =28 £t , Spl = 0.000250 gfee , Zg 8p}, = 4300
Try Z2 = 30 £t , Apé = 0.000275 g/ec , Zg Apé - €680
Try Z, =31 ft , 8p) = 0.000280 g/ec , ZZ £p}, = BOL6
Use Z, =31 ft

2

The total thickness of the withdrawal zone is now found by adding Zl
and 22 .

H=Zl_+22=25+31=56ft
5. The elevation of the maximmm velocity is found by determining
the distance from the elevation of maximum velocity to the lower limit of
the withdrawal zone Y. from plate 5 of the main text and adding this to

1
the elevation of the lower limit of the withdrawal zone.

A
2 .22 _
5 =g 0.45
Ty
Frompla.teS,ﬁ—=O.H25 ,Yl=2hft,Y2=H-Yl=56-2l+=3eft-

B3
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(Elevation of orifice &) - (Zl) (Elevation of lower limit)

100 - 25 = 75 ft

(Blevation of maximum velocity)

H

(Elevation of lower limit) + (Yl)

75 +_2h 99 ft

H

€. The relations between %g— and % must now be determined in
m

order to golve for the maximum velocity in the zone of withdrawal. This

is most easily accomplished by plotiting %:— versus % for both the upper

b4
m Yl Y2
and lower portions of the flow (see fig. B3). The quantities 3=, 3~
Ap : Ap 1 2
— , and 2 are computed using the elevation of maximum velocity as
Aplm ApEm

the datum elevation.

1.0

0.8

&
b
<& ¥
e
04 o

K
& £ A
= 32\1 —3\ Fig. B3. -A-L as a function of £
P .‘,17& AN pm Y
0.4 \&" o

0.2

0 0.2 0.4 0.é 0.8 1.0

|~

A
7. The relations determined for A_S;Q;_ can now be substituted into
: m
equation 5 of the main text. Since Apl/Aplm is two separate functions

of yl/Yl , two integrals must be written between the limits indicated in

- fig. B3. The maximum velocity in the zone of withdrawal is determined as

follows:
Bl
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1 o - 2
y, Do 2 Yo Do
1o 2t gy o+ 1-—2—2 1 ay
1 801y L Yo Boop 2

0 0
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H
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Substituting in values of Ap/Apm as functions of y/Y:

2

1k 2 : 2k 2
K= 1-0.2—= dy., + 1+l.2=-2,2—=
2 1 Y, ¥2

0 1 14 _

l .

32
+-~Iﬂ (l -
o}
14 ) ly ol '
vy ¥y ¥y y
K = J.~o.l+—§+o.ol+—lL dy. + 1+2.4=-~2,06
Y Y 1 Y
0 1 1 1L

43 o r3e 2
-5.28~%+h.8h-—i>dyl+f (1-2—g+

Y Y Y

1 1 0 2

Integrating:
) y3 o yﬁ)— 14 ye
= —Q'-— --; Q. --; 2—‘..& _..l g_g.é.
K Yy .2 3 +—TY (5 S+ yl+Yl (2)-
1 1 J 1o
4 5\77 (e 3
_5.28 (%)an.eu (ﬁ) e ly o2 (Yg) L2
L 5 2~ 2\ 3 I
Y3 Y1 )1k Ye Ye

B>

=~
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Applying limits:

‘o Eh-amfﬁ+°ﬂ%mﬁ]+ %u+ammﬁ_gga?ﬁ_5ea%ﬁ
()3 (24)" 5 (2k) 2 (24)° 3 (24)” &

.8l (2h)° Coonan)? p.gs(l)’ 5,280 'h.Bh(lh)%}
+ - 1o+ = - - +
(2k) 5} [ @2 " T2y @y @)t

. [32 REIC I 1(32&5]
(32)°3 (32)" 3

Expanding:

R .
X = [}h - °(5§§§”§) + O(gg£?$$é§22) + [?h + (2.1)12 - (2.96)8 - (5.28)6

24 2.4(196)  2.96(27hk) _ 5.28(38,416 L .84(537,824)
+ (b.8k) 5] l:l“ Ty 2 (576) 3 (13.,821+)‘)Iz T T (331,776) 5 .

+ [32 - %(32) +3—§] _

Multiplying:

K= (14 ~ 0.63 + 0,01) + (24 + 28.80 - 23.68 - 31.68 + 23.23)
- (1% + 9.80 - k.70 - 3.67 + 1.57) + (32 - 21.33 + 6.140)
Reducing:

K = 13.38 + 20.67 - 17.00 + 17.07

B6



Yielding:

K = 34.12

Using equation 6 of the main text,

<=
1]
e p

where

-

506 cfs

K~ 100 £t(3L.12)

V = 0.1483 fps

Knowing V , the local velocities can be determined by using equation 2,

as shown in table Bl. Note that the elevation of the maximum velocity is

used as the datum elevation for determining the values of Yy 5 Vs o Apl 5

and Apz'. This yields the vertical distribution of velocities, plotted

in fig. B4.

8. Knowing the velocity dis-
tribution, it is possible to deter-
mine any water quality parameter of
the outflow for which a vertiecal"
distribution in the reservoir is
known. This is demonstrated in
table B2 with dissolved oxygen con-
tent as the desired water quality
parameter. The vertical distri~
bution of dissclved oxygen content
in the reservoir is shown in fig.
B2. Table B2 also shows the per-
cent discharge from the various

layers in the zone of withdrawal.

BY

ELEVATION, FT
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"APPENDIX C: COMPUTER PROGRAM

Introduction

1. The computations required for analyzing the withdrawal character-
istics of flow from a randomly density-stratified reservoir through a sub-
merged orifice, by the method presented in this report, are simple but
tedious. If this method is to be used for analysis, a computer program is
recormended. The program described herein is comprehensive and can be
simplified if computer storage is limited. It is believed that a compre-
hensive program could he used effectively by those who have a sufficient
amount of storage, whereas those who have a limited amount of storage can
either gain access to a larger computer, simplify this program, or use this
program as a guide for developing a simpler program. This approach was
taken because it is the author's understanding that all of the districts
and divisions within the Corps of Engineers will eventually have access to
a computer with a storage capacity equal to or greater than the facilities
at WES. This program has been run successfully on the GE-425 computer at
WES. A list of symbols used in the program (fig. Cl), a program listing
(fig. C2), and a flow chart (fig. €3) are included in this appendix, as
well as a sample input sheet (fig. CU4) and a sample output listing
(fig. C5).

Description of Program

2. This program can be used to golve three different approaches to
the problem of selective withdrawal: (1) the withdrawal limits and the
orifice size and elevation are known and the discharge is unknown; (2) the
discharge and the orifice size and elevation are known and the withdrawal
limite are unknown; and (3) the withdrawal limits and the orifice size are
known and the discharge and orifice elevation are unknown. The three ap-
proaches will be referred to as conditions (1), (2), and (3), respectively,
and will be described in more detail later.

3. The first part of the program consists of a conversion scheme for

Ci
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converting temperature (°F) to temperature (°c) and temperature (OC) to
density (g/cc) and an interpolation scheme for interpolating to every foot -
the dissolved oxygen contents, temperatures, and in some cases densitles,
which are provided as input. The final product of these schemes is a two-
dimensional. table consisting of density, temperature (OC), and dissolved
oxygen content at every foot of elevation. Control is then shifted to one
of three locations within the program to solve either condition (1), (2),
or (3).

L, Condition (1) is the approach used to solve the sample problem in
Appendix B. An average velocity through the orifice is determined first
using the lower limit of the withdrawal zone as the control and then using
the upper limit as the control. The lower of these two velocities is mul-
tiplied by the orifice area to give the maximum allowable discharge through
the orifice. The withdrawal limit corresponding to the higher of these
two velocities must be adjusted to agree with the compubted maximum allow-
able discharge. Of course, in some cases the two velocities will be equal
and therefore no adjustment will be required. Once the withdrawal 1imits
are established, the velocity profile within the zone of withdrawal is cal-
culated. The weighted average technique is then applied to the veloecity
profile to determine the density, temperature, and dissolved oxygen content
of the outflaow. v

5. Condition (2) is used when the discharge is selected, the orifice
size and elevation are known, and the withdrawal limits must be calculated.
This condition presents an added problem. Since the withdrawal limits are
not selected, as they are for the other two conditions, it is possible that
the withdrawal zone may extend to the free surface and/or the bottom bound-
ary. Under these conditions the velocity profile must be modified as dis=-
cussed in Appendix A. The program determines whether or not the withdrawal
zone extends to the free surface an@/or bottom boundary and, if so, uses

the method described in Appendix A to calculate the veloecity profile. If

. the withdrawal zone does not extend to the boundaries, the procedures de-

seribed in the main text are used to determine the withdrawal limits and to
compute the velocity profile. In some cases the withdrawal zone may extend

to the free surface and not to the bottom boundary or vice versa; in such

c2



cases, half of the velocity profile is computed using the technique in
Appendix A and the other half using the technique in the main text. Onge
the velocity profile is computed, the weighted average technique is applied
to determine the density, temperature, and dissolved oxygen content of the
outflow.

6. Condition (3) provides a solution when the withdrawal limits and
orifice size are selected. A trial-and-error procedure places the orifice
at an elevation within the withdraﬁal zone at which the withdrawal zone
extends just to the selected withdrawal limits. The discharge is deter-
mined for the orifice g at this elevation. The velocity profile is then
computed and the weighted average technique applied to it to determine the

density, temperature, and dissolved oxygen content of the outflow.

Input Data

7. Two cards of 80 characters each are provided for a description of
the particular problem. A third data card contains the following param-
eters, with the numbers in parentheses indicating the columns in which the
parameter is entered: acceleration due to gravity, ft/secg (1-5); orifice
area, sq ft (6-10); orifice £ elevation (11-15); reservoir width at the
section in question, £t (16-25); water-surface elevation (26-30); elevation
of the upper limit of the withdrawal zone (31-L40); elevation of the lower
1imit of the withdrawal zone (L41-50); discharge passing through the ori-
fice, cfs (51-60); a number--1, 2, or 3--indicating the condition to be
solved (61-65); the number of elevations at which density is input (66-70);
the number of elevations at which temperature is input (71-75); and the
number of elevations at which dissolved oxygen content is input (76-80).
All of these parameters will not be known for every condition., TFor those
parameters which are unknown, a zero should be input. The next input data
will be a table of elevation, temperature in degrees Centigrade, and tem-
perature in degrees Fahrenheit. Two rows of this table are input on each
card as follows, with the numbers in parentheses indicating the card col-

umns in which the parameter is entered:
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CARD NO. 1: Elevl(l-lo), Temp 01(11-20), Temp Fl(21-30),

Elev2(31-ho), Temp c2(h1-5o), Temp F2(51-60)

CARD NO. 2: Elev3(l-lo), Temp 03(11-20), Temp F3(2l—30),

Elevu(Bl-hO), Temp Cu(hl-BO), Temp Fh(Sl-GO)

8. 1In some cases it may be desirable to input a table of elevation
and density and in other cases it may be sufficient to convert the tempera-
tures from the elevation-temperature table to density. This is done in the

program with the use of the following equation*:

. [6 - 3.9863)% & + o88.0kl
b= 508,929.2 t + 68.12963
where
p = density of the fluid, g/cc
t = temperature of the fluid, °C

The elevation-density table may be omitted by entering a zero for NDEN (the
nurber of elevations at which density is input) on the third data card. If
an elevation-density table is used, four pairs of input points are put on

each card using the following format:
CARD NO. 1: Elevl(l—lo), Denl(ll-20), Elev2(2l-30), Dene(sl-uo),-

Elev3(h1-5o), Den3(51-60), Elevh(6l»70), Denh(Tl—SO)

9. A third table of input is required. This has been written into

the program as an elevation-dissolved oxygen content table; however, any

% Ieroy W. Tilton and John K. Taylor, "Accurate Representation of the
Refractivity and Density of Distilled Water as a Function of Tempera-
ture," Research Paper RPQ71l, Journal of Research of the National Bureau
of Standards, Vol 18, Feb 1937, pp 205-21h4.
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other water quality parameter for which the value of the outflow is desired.
may be input in this table. This is the only one of the thrée tables that
can be used for this purpose. The format for this table is the same as
that for the elevation-density table.

10. It is important that the first pair of values in each of the
tables used as input be the elevation of the water surface and the respecs-
tive parameter at the water surface. For conditions (1) and (3), the
tables should extend at least to the selected lower limit of the withdrawal
zone. However, for condition (2), the last pair of values in the input
tables must be the elevation of the bottom boundary and the respective
parameter at the bottom boundary. This is necessary because condition (2)
conducts a check to determine whether the withdrawal zone extends to the
bottom boundary. The elevation interval between the input values in the
three tables may vary within a table and also between the three tables.

The program, as written, allows for inpuﬁ at 20 elevations for each table
and a maximm difference between the top and bottom elevations of 300 ft.
These limitations can be increased simply by changing the DIMENSIﬁN state~
ment. One other limitation is that the distance from the orifice g to the
upper or lower limit of the withdrawal zone may not exceed 100 ft. This

also can be increased by changing the DIMENSIﬁN statement.

Program Output

1. The program output consists of the program title and two lines
of description of the particular problem. The reservoir width, water-
surface elevation, and orifice é elevation are given, followed by the ori-
fice area, average velocity through the orifice, and the discharge through
the orifice. The upper and lower limits of the withdrawal zone and the
elevation of the maximum velocity as well as the maximum velocity within
the withdrawal zone are given. If the withdrawal zone extends to the free
surface ani/or bottom boundary, a statement to this effect is given. The
velocity profile within the withdrawal zone is shown as a table of eleva-
tion versus velocity. The discharge obtained by integrating the velocity
profile is then'listed, along with the density, temperature, and dissolved
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oxygen content of the outflow. A1l of the output information is sgelf-

explanatory as shown on the sample output sheet in fig. cs5.

Sample Problem

12. The sample problem was selected to show a condition in which the
withdrawal zone extended to the free surface. The water surface was at
el 200 with the orifice é_aﬁ el léO. The orifice had a cross-sectional
area of 64 sq ft and a discharge of L00 cfs. The analysis was made at a
rezervoir section 1000 ft wide. Assuming that the density profile in the
reservoir was unknown, only the elevation-temperature and elevation-
dissolved oxygen content tables were input. These input data are shown in

" the following tabulations:

Elevation Temperature, ¢ Temperature, OF
200 0 78.0
190 0 77.0
180 0 76.0
175 0 4.0
170 0 68.0
165 0 62.0
160 0 58.0
150 0 57.0
100 0 sk.o

0 0 46.0
Elevation Dissolved Oxygen Content, mg/l
200 6.8
170 5.6
150 4.8
60 3.9
0 1.1

Of course, the temperature (OC) is not equal to zero. However, rather than

convert temperature (CF) to temperature (°c) by hand, temperature (°c) was
input as zero and the computer made the conversion. These input data are

shown in the proper format in fig. ch. Fig. €5 is the output listing for
this sample problem.
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AV
AVDENL
- AVDEN2
AVGDEL
AVGDE2
AVTEML

AVTEMZ

AVZ] .

AVZ2

BTEST
BTRY
..— DEN
DEN1

DEN2

DISEXY

DISEKL

DIS@X2

DRHEB

DRHAS

Area of orifice opening, sq ft

Maximam allowable Ve1001ty through the orifice without exceeding
the withdrawal limits, fps

Average of two densities, 1 ft apart, below the elevation of maxi-
mum velocity, g/ce

Average of two densities, 1 ft apart, above the elevation of maxi-
mim veloeity, g/cc

Average of two dissolved oxygen contents, 1 ft apart, below the
elevaticon of maximum velocity, mg/l

Average of two dissolved oxygen contents, 1 ft apart, above the
elevation of maximum velocity, mg/l

Average of two temperatures, 1 £t apart, below the elevation of
maximum velocity, ©C

Average of two temperatures, 1 f%t apart, above the elevatlon of
maximum veloeity, °C

Average velocity through the orifice using lower limit of with-
drawal zone as control, fps

Average velocity through the orifice using upper limit of with-
drawal zone as control, fps

AV/ / (DRHB/RHIP ) *G*ZB
(zB**2)/Af

Average density of fluid flowing into orifice, g/cc

Average density of a 1-ft-thick horizontal layer, below the eleva-
tion of maximum velocity, times the percent of the total discharge
from the layer, g/cc

Average density of a 1-ft-thick horizontal layer, above the eleva-
tion of maximum velocity, times the percent of the total discharge
from the layer, g/cc

Average dissolved oxygen content of fluid flowing into
orifice, mg/l

Average dissolved oxygen content of a 1-ft-thick horizontal layer,
below the elevation of maximum velocity, times the percent of the
total discharge from the layer, mg/l

Average dissolved oxXygen content of a 1-ft-thick horizontal layer,
above the elevation of maximum velocity, times the percent of the
total discharge from the layer, mg/l

Density difference of fluid between the elevation of the orifice é
and the bottom boundary, g/cc

Density difference of fluid between the elevation of the orifice g
and the free surface, g/cc

Fig. Cl. List of symbols {(sheet 1 of 5)



DRH#1
DRH@2

DRHp1M

DRH@2M

DRE@LP
DREf2P

ELEDEN
ELEDSX
ETETEM
ELEV1
ELEV2

P

ICPM
)

NDEN
ND#X

WIEM

NZCLA

NZLL

NZMV

Density difference of fluid between the elevation of the maximum
veloeity in the withdrawal zone and YL, g/cc

Density difference of fluid between the elevation of the maximum
veloeity in the withdrawal zone and Y2, g/cc

Density difference of fluid between the elevation of the maximum
velocity in the withdrawal zone and the lower limit of the
withdrawal zcne, g/cc

Density difference of fluid between the elevation of the maximum
velocity in the withdrawel zone and the upper limit of the with-
drawal zone, g/ce ’

Density difference of fluid between the elevation of the orifice g
and the lower limit of the withdrawal zone, g/cc

Density difference of fluid between the elevation of the orifice g
and the upper limit of the withdrawal zone, g/cc

Table of elevation and density

Table of elevation and dissolved oxygen content

Table of elevation, temperature (°c) and temperature (°F)
Elevation of Y1 -
Elevation of Y2

Acceleration due to gravity, ft/sec2

Total thickness of withdrawal zone, ft

Full line for description of problem

Full line for description of problem

Control to set the condition to be solved (1, 2, or 3)
Tumber of elevations at which density is input in EILEDEN table

Nunber of elevations at which dissolved oxygen content is input in
ELED@X table

Number of elevations at which temperature is input in ELETEM table

Total thickness of the withdrawal zone rounded off to the nearest
foot :

Distance from the elevation of the maximum velocity in the with-

drawal zone to the elevation of the lower limit of the withdrawal
zone rounded off to the nearest foot

FElevation of the orifice ghrounded off to the nearest foot

Elevation of the lower limit of the withdrawal zone rounded off to
the nearest foot :

Elevation of the maximum velocity in the withdrawal zone rounded
off to the nearest foot
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NZUL

PARAM

PCENQL

PCENQ2

O

Q2

RESS

RHGVM

RW
SDENL
SDEN2
- SDPXL
spgxe
STEML
STEM2
STEST

STRY

SUM

S

SUML

Elevation of the upper limit of the withdrawal zone rounded off to
the nearest foot

Table of density, temperature (°C), and dissolved oxysen content at
every foot of depth

Percent. of the total discharge flowing from a 1-ft-thick horizontal
layer below the elevation of maximum velocity in the withdrawal
Zone

Percent of the total discharge flowing from a 1-ft-thick horizontal
layer above the elevation of maximum velocity in the withdrawal
zone

Total discharge through the orifice, cfs

Discharge from a 1-ft-thick horizontal layer below the elevation of
maximum velocity in the withdrawal zone, cfs '

Discharge from a 1-ft-thick horizontal layer above the elevation of
maximum velocity in the withdrawal zone, cfs

- Dengity of the fluid at the elevation of the orifice g, g/cc

Density of the fluid at the elevation of maximum velocity in the
withdrawal zone, g/cc

Regservoir width at section in guestion, ft

T DENL

Z DEN2

% DISEX:

¥ DIS@x2

Z TEMPL

L TEMP2

AV/ A/(DRHUGS/REEP ) *G*2S

(zs%%2)/AP |

SUML + sSUM2

Total discharge computed from velocity profile (SUM3 + SUM4), cfs
2

¥y Ap
(1 - AL if the bottom boundary controls the lower limit
Yi Aplm

of the withdrawal zone

2
1 &0
z - if the bottom boundary does not control the lower
1 MO
limit of the withdrawal zone
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v, Lo '
Mz % {1 - = 2 if the free surface controls the upper limit of
¥y BPop |

the withdrawal zone

% yg &92 )
| {1l - ———— if the free surface does not control the upper

5 Yé Ame
1limit of the withdrawal zone
SUM3 T Q2
A
suMk zQl

TEMP Average temperature of fluid flowing into orifice, °¢

TEMP1 Average temperature of a l-ft-thick horizontal layer, below the
elevation of maximum velocity, times the percent of the total
1 discharge from the layer, ©C

i ' TEMP? Average temperature of a 1-ft-thick horizontal layer, above the
" elevation of maximum velocity, times the percent of the total
discharge from the layer, °C -

) o
TEST Ap_ VD/G

> ' 5 At
TRY Z7 8p) or Z Lp)

VAVGL Average of two local velocities 1 % apart below the elevation of
maximum velocity in the withdrawal zone, fps

VAVG?2 Average of two local velocities 1 ft aparﬁ above the elevation of
paximm velocity in the withdrawal zone, fps

VM Maximum velocity in the withdrawal zone, fps
: 2

l_(i’_l_‘il._

Yi Aplm

the withdrawal zone

2
i &Py
l - if the bottom boundary does not control the lower
¥y By |

1imit of the withdrawal zone

VRAL ) if %the bottom boundary controls the lower limit of

Y, Op
VRAZ2 1 - (Eéngfi‘) if the free surface controls the upper limit of the
2 2m

withdrawal zone
(l_ie_‘i?e_

Ty Doop
of the withdrawal zone

) if the free surface does not control the upper limit
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V2
W3
YDIM
YbaM

M

ZB
ZCLP
ZLL

. ZMV
78
ZUL
71

22

Z1H

Local velocity of fluid at EIEV1, fps
Local velocity of fluid at ELEV2, fps
Elevation of water surface, ft '
(Y1M) (DRHA1M)
(v2M) (DREG2M)

Distance from the elevation of maximum velocity in the withdrawal
zone to any point between the maximum velocity and the lower limit
of the withdrawal zone, ft

Distance from the elevation of maximum velocity in the withdrawal
zone to any point between the maximum velocity and the upper limit
of the withdrawal zone, ft

Distance from the elevation of the maximum veloeity in the with-
drawal zone to the elevation of the lower limit of the withdrawal
zone, ft

Distance from the elevation of the maximum velocity in the with-
drawal zone to the elevation of the upper limit of the withdrawal

“zone, ft

YiM/H

Vertical distance from orifice g to the bottom boundary, ft
Elevation of orifice £, ft

Elevation of the lower 1imit of the withdrawal zone, ft
Elevation of the maximom velocity in the withdrawal zone, £t
Vertical distance from the orifice é to thé free surface, ft
Elevation of the upper limit of the withdrawal zopne, ft

Vertical distance from the orifice g teo the lower limit of the
withdrawal zone, ft

Vertical distance from the orifice é to the upper 1limit of the
withdrawal zone, ft

Z1/H
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1
i 04/19749 J BOHAN THE GE-400 SERIES = FORTRAN ASA (MTPS) PAGE # 1 J B0 SDLS
i [ STRATIFIED FLOW J P BOHAN sF 1
. ¢ PROGRAM TO ANALYZE THE WITHDRAWAL CHARACTER]STICS OF FLOW FROM SF 2
: [ A RENDOMLY DENSITY STRATIFIED RESERVOIR THRU A SUBMERGED ORIFICE., SF 3
: c THREE DIFFERENT COMDITIONS MaY BE SOLVED 1) ORIFJICE SIZE AND SF 4
ol [+ LOCATION AND WITHDRAWAL LIMITS KNOWN - DETERMINE DISCHARGE s F 5
3 c (2) BRIFICE SIZE AND LOCATION AND DISCHARGE KNOWN » DETERMINE SF &
A 4 WITHDRAWAL LIMITS (5) ORIFICE SIZE AND WITWDRAWAL LIMITS KNOWN - S F 7
.1 [ DETERHINE QRIFICE ELEVATION AND DISCHARGE _S8F 8
R I DINENS]OMN ELEDEN(20.2)ELETEA(20,3) ,ELEDOX(20,2),PARAM{ZD0,3), $F 9
4 1y1(1003,v2¢100),03(100),02¢100), AVDENL(100), AVDENS(100), S F .10
¥ ZAVTENL {1000 sAVTEMZ(1007, AVGDOL{1007,AVGD02(100), ICON(E0) . 110MC20) S5 F 11
i 2 5 FORMAT(2044). SF 12
B 3 10 FORMAT(3F5.0.710.9:F5.0,3F10.0,415) S F 13
e 4 i5 FORMAT(SF10.0} SF 34
$ % B0 FORMAT(BFL0,0} §F 15
] 6 25 FORMAT(IW1,B4HSELECTIVE WITHDRAWAL FROM A DENSITY STRATIFIED RESER § F 16
- IVOIR THROUGH & SUPMERGED ORIFICE////) S F 17
7 30 FORMAT(10%,33HRES WIDTH(FT),5X,8HW S ELEV,5X,12HORIF L ELEV) s F a8~
] I5 FORMAT(12X,F7.1,20X:F&,1,BX,F6,1//) §F 19
9 40 FORMAT(10X,16HORIF AREA(SQ FT),5X,22HAVG VEL THRYU ORIF{FPS§),5X, SF_20
114HORIF DISC(CFS)) s F 21
10 45 PORMAT(14Y,F7,2,18%,F6,2,16%X,FB,2//) § F 22
11 B FORMAT (10X, 40HELEVATLON UPPER LIMI1 OF WITHURAWAL ZONE/3X,Fé,1/} S F 23
12 5% FORMAT(10X,40HELEVATION LOWER LIMIT OF WITWMDRAWAL ZONE,3X,F6.1/) §F 24
13 %0 FORMAT(LOX.%4HELEVATION OF MAX VELOCTTY [N WITAORAWAL ZONE,3X, §F 25
1F6,1/) S F 26
% ES FORRAT(LIOX,S7HMAX VELOGITY IN WITHDRAWAL ZDNE (FPS.IX.F7,4//7 5 F 27
15 70 FORMAT{L10X,9HELEVATION, 10X, 8HVELGCITY /) S F _28
18 75 FORPMATIA0XKaF6.1,23X,F7,4) 5F 29
17 80 FORMAT(10X,45HD]SCHARGE COMPUTED FROM VELOGITY PROFILE(CFS).3X, 5 F 30
R iF7.2/7) s F 31
: 18 B5 FORMAT (10X 2LHDENSITY OF QUTFLOK L 1BHTEMF OF QUIFLOW  ,23W0IS 0 5 ¢ 32
: 1XY CONT OF QUTFLOW} s b 33
3 19 90 FORMAT(10X.FB.5,8H GM/CC,7%,F6.2,6H DEG C,14X,F5.2,5H kG/LY - S F 34
R 20 $5 FORMAT(10%.57HLOWER LINMIT OF WiTHDRAWAL ZONE EXTENDS 70 BOT1aM BOU S F 35
: 1NDARY /) 5 F 36
21 $6.FORMAT(I0X, S4HUPPER LIMLS OF WITHORAWAL ZONE EXTENDS TO FREE SURFA S F 37
s 1ce/) s F 38
= EL READ 9.1CQM s F 29
i 23 READ 5,110M S F 49
24 READ 10+GsAQ,ZCLOsRH WG ZUL»ZLL» G- KH, NDEN,NTER, NDDX § F 41
2% READ 15, ¢(ELETEM{IsJ) 21,32, 50, NTEM) ‘§ F 42
26 1F (NDEN-0) 160,260,100 5 F a3
27 100 READ 20, ¢((ELEDEN(T:J),J=1,23,]124,NDEN) S F_ 44
26 10% 11=0 S F 45
29 IF(NDEN-D0) 115,320,115 § F 46
50 1i0 M=EL.EDEN(L,1Y-ELEDEN(NTEM,I)+1.001 §F 47
i 31 PARAM(M, 1) =ELEDEN{NTEM,2) $ F 48
- i 32 NZRTEA-1 5 F 49
ER 33 G0 T8 1z0 § F 50
: 3% 115 WE=ELEDEN(Lr17-ELEDEN(NDEN,3)+1.001 § F 51
35 PARAM{M,1)=ELEGEN{NDEN,2} s F_92
ELd N=NDEN=1 - SF 53
37 120 Do 190 WN=1.N s F 54
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04/19/6% J BORAN THE GE-400 SERIES = FORTRAN ASA (MTPS) PAGE 2 2 J B0 SDBL§
38 I11=[1+1 S F 55
39 LENN+1 g F 58
49 JXX=ELEDEN(NN,1Y=ELEDEN(L, 17 §$ F 57
41 LL=Tl4xX~=1 . 5 F 58
42 1 (ELERENTNN, 27 =ELEDENTL,2)) 140,125,160 5 F 59
43 125 DO 130 i=1f.LL g5 F 60
44 PARAM(],s1)=ELEDEN(NN, 2} SF 61
45 130 CONTINUE : : S F__&2
45 - GO TO 180 5F 63
47 149 X¥%=s(ELEDEN(L,2)=ELEDEN(NN,2)}/JxX S F 64
48 DO 150 J=11,LL S F 65
49 PARAM(,1)=ELEDEN (NN, 2)+XXe(J-113 s.F_ &8
59 150 CONTINUE s F &7
51 GO TQ 26C S F_68
52 150 YY=(ELEDEN(NN,Z2)«ELEDENCL, 22/ dXX s F 69
53 DO 170 K=11,LL S F 76
1] PARAM{K.1)=ELEDEN{NN,2)=YYa{K=]1) SF 79
55 170 CONTINYE S F 72
56 180 pl=LL sF 73
57 190_CGNTINYE s F_.74
58 [FINDEN-0) 200.225.200 SF 75
59 200 PO 220 KYD=1,NTEM S F 76
6D IF{ELETEM(XTD.3)~0) 205.210:205 SF 77
61 205 ELETEW(KTD,2)2¢5,/9, ) {ELETEM(KTD,3)w32,) S F_78
62 210 IF{NDEN-T) 220,215,220 SF 7%
53 215 ELEDEN(KTD,11=ELETEMLKTD, 1) §F _8p
&4 ELEDEN(KTD,2)=1=( ((ELETEM(KTD,2)-3,9843)%2/508920,21 % S F B1

L((ELETEM(KTD,2)+288,9414)/ (ELETEMIKTD,2)+68,12963))} $ F 82
55 220 CONTINUE SEoes
1) IFINDEN-0) 225,105,22% 5 F 84
LY 225 1150 s F &5
68 NENTEW=1 S ¥ 8s
&% D0 295 NN=1,N SF &7
79 1i=1]+1 S F g8

_ 71 LENN+T S F g9
72 JXXZELETEM (NN, 1)}=ELETEM(L,1) S F 90
73 LL=TT+ %=1 ; S F §1
74 IFCELETEM (NN, 2)“ELETEMI(L,2)) 250,230,270 S F_ 92
75 230 DO 240 [=lf.LL S F 93
76 PARAMCI,2Y=EL ETEM(NN,2) SF 94
77 230 CONTINUE S F 95
78 G0 _T0 290 S F_ 9%
79 250 XXE({ELETEM(L,2)=ELETEM(NN, 21 )7 XK s F §7
8g DG 260 JsII.Ll . S F %8
B PARAKTJ,2)SELETEM(RN, 21 +XX6 (J-1T1) S F 99
82 260 CONTINVE S F 1080
83 GO TO 290 S F 101
84 278 YYS(ELETEM(NN,2)wELETEM(L,2)) /JXX § F 1Bz
a5 DG €80 X=11.LL s F 103
86 PARAM(K,2)=ELETEM{NN, 21-YY*{K-1]) S F 104
3T 280 CONTINUE S F 105
88 290 11=LL 5 F 1ds
8y 295 CONTINUE S F 107
S¢ M=ELEFEM(L1,1)=ELETEM(NTEM,1)+1 S F 108
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04/19/69 J BOHAN THE GE-400 SERIES = FORTRAN ASA {MTPS) SDLo6
g1 PARAM(M,2)SELETEM{NTEN, 2} SF 109
92 READ 20, ({ELEDOX(],J3,=1,2),1c1, NROX) §F 118
N 11=0 5 f iil
54 N=NDOX~1 § F 112
95 DQ 370 NN=1,N s F 113
96 [[=1+1 § F 114
97 L=NN+1 S F 135
58 IXAEELEDOX (NN 1) ~ELEDON(L,1) § F 116
kkd LL=IT+JXXal S F L7

100 1F (ELEDOX (KN, 2) ~ELEDOX(L,2)) 330.310 350 S F 118
191 310 po 320 1=11.LL 5 F 119
102 PARAM(L»3)=ELEDOX (NN, 2) 5 F 129
153 340 CONTINUE s F 121
104 50 To 380 § F 122
105 530 XK= (ELEDOK(Ls2)-ELEDOX (NN, 27}/ JXX S F 123
106 Do 340 J=11.LL § F 124
107 BARAH(J,31=ELEDOXINN 21+ XXs(J=]11 § F 125
108 340 CONTINUE 5 F 126
175 GO 16 380 S F 127
110 350 YYS (ELEDDXtNN 2)wELEDQX (L, 2}) /JXX g F 128
1IT DO 360 K=j1.L 5§ F 129
112 PARAMI(X,3)= ELEDDX(NN-E) -YYeik-11) s F 130
113 360 CONTINUE SF 131
114 380 glzLl § F 132
115 390 CONTINUE § F L33
116 MzELEROX(1,1)-ELEDAX(NDDX,11+1 s F 134
117 FARAM (M, 3)=ELEDOX (NDOX,2) 5 F 135
118 PRINT 25 s F 138
119 PRINT 5,1C0H § F 137
120 PRINT 5, 1[0M § F 138
121 GO TB(A00,500,8007KH g F 139
122 400 NzWSwZCLO+1.001 5 F 149
123 FRINT 30 S T 141
124 PRINT 35,RW, WS, 2CLO g F 142
125 RHOD=PARAM(N,1} S F 143
126 N1SWS-ZLL*1,001 S F 144
127 NZ=WS-ZUL*1,001 § F 143
128 DRHQIP=PARAM(NL,1)=RHOO 5 F 146
127 DRAGZF=AKO0~PARAM(NZ, 1) S F 147
130 Z1=26L0-70LL S F 143
i3l 22=ZUL=ZCL0 § ¥ 149
132 AVZ1=(Z1eo2/A0)eSQRT(DRHOIP#G=21/RK00) S F 150
133 AVIZE(T2e#2/A017SGRT (DAHOEF*GRZ2/RHO0) S f 151
134 1F(AVZ2=AYZ1) 410,405,435 g F 152
135 305 AVEAVZIL S F 153
136 QzAVeAD § F 154
137 PRINT 40 § F 155
138 PRINT 45,A0,AV,0 5 F 156
139 BRINT 50, 2uC § F 457
140 “PAINT 55.,ZLL § F 158
147 GO 10 498 S £ 159
142 410 AV=AVZZ § F 160
143 Q3AV#AD § F 151
144 PRINT 40 § F 162
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04719769 J BOWAN THE GE-400 SERIES - FORTRAN ASA (HMIP5) PAGE 4 J B0 SDL&
145 PRINT 45,40,AV.0 S F 183
146 PRINT B0D,ZUL S F 164
147 TESTa (AO#e2)#RH(GEAVR#2/0 SF 165
148 ZiLUmZl : § F 166
149 2iLL=0.0 § F 167
150 Zis2aLy/2 S F 168
153 41% W2pS~20L0+Z1+1,001 - S F 159
352 DRWQLP=PARAM (M, 1) =RHDD $F 170
153 YRY=(Z1445)sDRHOLP S F 171
154 IF(TRYTEST) 428,420,430 S F 172
155 420 NILL®ZCLG=Z1+0.5 §F 173
156 PRINT 55,N7LL S F 174
157 GO TO 498 S F 175
158 425 7101 %74 S F 176
159 s p*En /2 S F 177
160 DZEABS(Z1LL~71) . S F 178
161 1F{02Z=1) 460,450,415 s F 179
162 430 71{U=Z1 S F 180
163 FZEIE TINWS IR S F 181
164 DIsABS{Z1| y-71) S F 182
155 IF(DZ-1) 475,475,415 S F 183
145 435 AveiyZ4 g F 184
167 FEIYLYY §F 185
168 PRINT 40 S F 186
169 ERINT 43,40,AV,0 S F 187
170 PRINT 55,711 5.F 188
71 TESTE(ADweZ ) wAHOORAVS4Z/6 S F 189
i72 72L,120,0 s F 190
173 zalyaz2 §F 191
174 Z2:=22L4s2 §.F 192
- 175 440 MIW3=ZCLO~Z2+L, 001 S F 193
. 176 DRAD2P=RHOO=PARAM(M 1} S F 194
177 YAY={Z2%e5)sDRAQZH s F 195
178 IF{TRY=TEST) 450, 445,455 S F 196
179 445 NZUYLEZLLO+Z22+0.5 S F 197
: 180 PRINT 50.NZUL S F 198
. 18l G0 10 498 SF 199
: 182 450 731|222 S F_200
183 Z2=(Z2LUvier/z s F 201
184 D2EABS{Z2LL~22) $ F 202
158 TF(UZ-1) 487,460,440 S F 203
186 455 z2LUs22 S F 204
187 22sTT2LL+I27/2 S F 205
i8p DZsABS(Z2 U~-222 . S F 206
15%¥ IE(DT=17 497,395,843 S F 207
190 460 71=721LL 5.F 208
131 485 zLLaICLO-Z1 S F 209
192 NZLL=ZLL+0,5 s F 210
193 470 PRINT 55,NZLL g F 219
194 GO TD 498 s F 212
195 475 23210 S F 213
196 GO TD 465 S F 214
197 480 72°Z2LL S F 215
198 485 ZUL=ZELO+22 S F 216
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THE GE-400 SERIES - FORTRAN

NZUL =71 «0,5

ASA (MTP3)

490 PRINT S0.NZUL
GO_TQ 498

495 2227210
GO TN 485

498 Hz71+22 ; )
ASSIGN 730 IO JJ

ASSIGN 780 TO KK
ASSIGN BS) JQ LL . .

ASSIGN 880 TD MM
GG TO 760

D00 PRINT 30
PRINT S5.RW.WS,ZCLO

N=WS-2ZCLO+*1.00%
RADO=PARAMIN,1]
AYsR/AQ
PRINT 40

PAINT a5,40,AY,0
TEST=({ADe#+2oRHOG®AVe22/0

IF (NDEN=D) 503,502,503
502 _26=2CL0-ELEDENINTEM.L} |
DRHOB=ELEDEN (NTEM, 2 | -RHDD
—ee .60 YD 204
SD3 zBsZCLO-ELEDEN(NDEN,1}
ORHOB=E| EDEN{NDEN.2]-RHOQ

504 BTRY=ZBe22/40
BIEST=AV/SQRT{ {DRHOB/RHOO 125 ZB)

IF{BTEST-RTRY] 91,510,505
o 395 PRINT 95__

Z1=i8

NZLL=7C] 0=21%0,5

PRINT b%s NZLL
_ASSIGN. 710 TG Jd
ASHIGN 860 TG KM
e e RO TG 245
510 2i=25/2
JURSET .11 ¢ NS

8:=2E

DRHOLP=PARAM{M,11-RHOD

e THYE L2225 LR DRHO 1P

IF(TRY-TEST|520s540s525
o ...520 DZ=4BS(R-211
IF{DZ=0.51540,522,522
522 71Ly=71

Z1iL=8
ZlsZilus (71t 211 Uul/2

AzZiLL -
G0 10 92315 .
525 DZsABS(A-Z1)

IFINZ=-0. 51540, 5275907 . Ll

527 ZiLu=a
[ 5 § N 7.5 W .
Z1=21LU+(Z1LL-22LU1/2

Fig., C2. (sheet 5 of 10)
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0471976 3 SOHAN
e BezMLL
GO TQ 515
o S40 N7 =ZCL0=23%u,5 .
PRINT 95, NILL
o me_..____ASSIGM 750 T0 M.
ASSIGN 880 TO Mh
... 948 ZSaWS-ZCLE .
DRHGS=RHOO=FARAM(1,1)
STRY=7Z5322/40 S
STEST=AV/SURT({DRROS/RHD0]#G225]
[ELSTEST-STRY] 552,555,550
550 PRINT 98
e _Z2EZS .
NZYL=ZCLO+Z2+6.5
PrIMT 50, NZUL
HzZ1+22

ASSIGN 816G TO LL
e B0 IO Y00
B59 Zz=z7S5/2
AzQ.G
B=25
_. 580 M=WS-7CLO-72+1,001
2P =RHOO-PARAMIM. 1]
e o JRY2 (J20 4D ) 0 BRROZP
IF(TRY~TEST]D6%, 565,570
56 DZ=ABS(B-22)
IF(GZ2-0.5)5%55 587,507
. S67 Z2Liz2%
22lu=8
e LB EZ2LL# (2R UmZEL LY/ 2
AzZ2LL .
U ¢ 1 I o c - 7.1
570 DZ=Ads({A=72] .
(F(D?=0.,919u5,5/3,9/% . __
575 Z2Li=A

R -1 N LY VS
Z2=Z2LL+ (22 U=EeLLi/2
RSN - L -1 I ¥ R
GG TQ 969
. = LEV R
PRINT 90, NZUL

Soo. 890 MsZlsr2 ..
ASSIGN 780 TO KK
- ASR]GE 830 10 LL
G0 70 Yo@
e £00 H=ZUL-71L
ASSIGN 790 10 JJ
ASSIGN 7B0 TQ KK
ASSIGN 840 TO LL
- ASSIGN 880 70 MM
ZZU=0.9
72t20.0
Z1l=H/s2

Fig. C2.

THE GE-400 SERIES - FDRTRAN ASA (HTPS)
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THE GE-460 SERIES - FORTRAN ASA (MIPS)

04/19/6% J BOHAN PAGE # 7 J BO sDLé
307 Z2=H=21 $ F 325
308 NZCLOB=ZLL+71+0.5 F 326
309 NINS=NZCLO+1,001 F 327
310 N1=WS-Z| | +1,001 F 328
kE ¥ NE=WS~ZyL+1,001" S F 329
. 312 RHOOZPARAMIN,1) § F 330
I3 DRHGLPEPARAMINL, 1) =RHOO S F 331
314 DRHO2P=RHOO=PARAMINZ, 1) g F 332
315 LMZ3 §F 333
318 610 AYZ21=(Z10#2/A0)#SQRT(DRAOLP#GoZ]/RHOO) § F 334
317 AVZIZ2=(Z2##2/A0)#SQRT(DRHO2P+GeZ2/RHOD) § F 335
I8 DAVZEARS(AVZ2=-4YZ1) S F 236
3.9 1F(DAYZ~0,005) 490,690,620 5 F 337
320 620 g0 TO(830,640.5650),LH S F 338
EFE) 630 IFCAYZ2-AVZI1) 675,690,670 $ F 339

a2 640 JF(AVZ2=-AVZL) 655,690,860 S_F_ 340
223 650 JFCAVZE~AVZL)Y 605,800,670 S F 341
324 655 7ZLi=71 5.7 342
325 Gy 10 665 5 F 343
32¢ &80 7ZL=21 5 F a4
37 8§85 zZ=(22U-Z2L172 S F 345
328 71:722+27L S F 346
327 7e=R=-Z1 S F 347
330 NZCLO=ZLL*Z1+0.5 5 F 348
31 NEWSw~ZCLo+1. 001 S F 349
332 RHOO=PARAMIN,1) s F 358
333 DRWG1P=PARAM(NL:1~RAOQ § F 351
334 DRMO2P=RHOD-PARAM(N2,1) 5 F 352
335 LME2 S F 353
338 GO To 610 § F 354
337 §70 22L=12 § F 35%
338 G0 70 680 g F 356
37 675 ZZU=1Z S F 357
340 680 22=(Z7L=-2ZU}/2 g F 358
J41 7E=7%+774 g F 329
342 21=H=22 5 F 360
343 NZELD=Z{L+Z1+08.5 s F 361
344 NEWS=NZLi0+1.001 S F 382
345 RHQD2EARAMIN, 1) 5 F 363
S48 DRWOLP=PARAMINL, 1) =RKHOQ S F 384
a7 DRHDZP=RHGO~FARAM(NZ.1) s F 385
348 LM=1 s F 348
349 G0 0 &10 S F 367
350 699 Z¢L0=NZCLO § F 368
351 PRINT 30 S F 369
352 "PRINT 35,RW,HS,ZCLO 5 F 370
353 AV=AVZ1 5 F 371
354 QEAVEAD S F 372
355 PRINT 4D S F 373
356 PRINT 45,40.AV.0 5 F 374
357 PRINT 55,ZLL SF 375
358 PRINT 50.2UL S F 376
359 700 z1iw=717H § F 377
359 YiMH=(SIN(1.5708s21H))ue2 § F 378

Fig. C2. (sheet 7 of 10)



04719769 J BOMAN THE GE-4D0 SERIES - FORTRAN ASA (HTF§] ] PAGE # 8 J B SDLe

361 YiM2YIMHeR SF 379
362 NY1MzYiM+0,5 S F 320
363 YAM=NYLM S F 384
364 IMY3Z0L0=-Z1+Y1M § F 382
3E5 NZMVEZMV+0,5 S F 383
388 IMYENTMY S F 384
367 NNIN*D,5 5 F 385
358 HENH § F 384
369 PRINT 80,ZHV 5 F 387
370 YeMsH-Y1M §$ F 388
371 MEWS=ZMV+5,,001 § F 389
37z RHOVHMEPARAMIM, 1) $§ F 3%
373 MIRS=IMV=YZM+1.00L § F 391
374 DRHO2MERHOVK=PARAM (M, 1) §F 392
375 HIWS=ZHY+Y1iM+1.00% S F 393
378 DRWOAHEPARAMIM, ) =RHOVM S F 394
377 YDLMEYLMaDRHOIM §F 395
378 YD2M=Y2MeDRMOZM 5. F 398
379 SYMisQ,.0 s F 397
380 LEY1M s F asg
381 GO 7O JJ,(780,730) 5 F 399
382 740 DO 720 I=0.L s.F 400
38: Y1t} 5 F 401
384 M=NS=ZMy*YL+1,004 S F 402
385 DRWGLZPARAM(M, L) wRHOVH 5 F 4p3
386 VRALE1=(Y1sDRHG1/YDiM) 402 g F 4p4
387 SUNZI=BUM1eVRAL S F 405
388 720 CONTINUE S F 406
389 GO 0 750 S F 407
390 730 DO 740 1=0,4 §.F 408
I9L yi=1 S F 409
392 MTWSeZMy+Yi+1,001 $ F 410
EXE] DRWOLcPARAM(M,1}wRHOVM S F 411
394 YRALZ{1~¥1#DRHOL1/YD M) a2 s F 412
395 SUM1=SUNL+VRAL S F 413
396 740 CONTINUE S F 414
397 750 SUMZF0.0 S F 415
398 K=Y2M S F 416
399 G0 T8 KK.(760,7807 S F 417
450 760 BO 770 J=1,K S F 418
401 y2=J S F 419
40z MWS=ZMV-Y2+1,001 5 F 420
403 DRWC2ZRHOVM=FARAM(M, 1] SF 421
404 VRAZE1-{Y2#DRHO2/¥D2M)we2 S F 422
05 SUMZ=SUM2*VRAZ S F 423
405 770 _CONTINUE 5 F 424
407 Go To #09 S°F 425
408 7806 DD 790 J=1,K S F 426
409 Y2y S F 427
410 HERNS=ZMY=¥2+1,001 S F 428
CERS DRROZ=RHOVM~PARAM(M, 1} S F 429
412 VRAZE(1-YZ2eDBRHO2/YD2M 802 s F 430
4313 SUMZ=SUMZ+VRAZ § ¥ 431
414 790 CONTINUE S F 432

Fig. C2. (sheet 8 of 10)
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Ba/19/69 oJ BOHAN THE GE-400 SERIES = ‘FORTRAN ASA (MTPS) PAGE # 9 J B0 SDLs

: 415 B8G0C sSUM=SUM1+SUMZ s F 433

= 416 vH=0/ {RW=SYM? § F_434

-; 317 PRINT 65,VM 5§ F 435

: 418 PRINT 70 S F 436

‘. 319 LIMITI=Y2H=-1+0.001 S F 437

: 420 GO TO LL.(810,83C) $ F 438

:1 521 810 DO 820 L=0,LIRWITL s F 459

) 422 ¥2sY2HM-1 S £ 44p

o 423 MSWSwZWV=YZ+1,001 S F 441

. 424 DRHO2=RHOYM-PARAM(M,1) S F 442

a 425 V2(L+1)=(L={YZeDRHOZ/YDZM)»eZ)aVM S F 443

= i2é ELEVD=ZMV+Y2 § F 444

+27 PRINT 75,ELEVZ,V2(L+1) s F 445

428 820 ¢ONTINYE S F 446

725 GO TO 850 S F 447

430 830 DO 840 L=0.LIMIT2 S._F 448

331 Y2=Y2M-L S F 449

432 MzRSwZMy=-Y2+1,001 § F 450

] 757 DRHOZERHOVA-PARAN (H, 17 5 F 432
= 434 v2(L+1)=¢(3~Y2eDRHOZ/YDEMI# P I uYM S F 452

" 435 ELEV2IZHV*Y2 S5 F 453

- 436 PRINT 75,ELEV2,Y2(L*1) S_F_454

: 37 850 CONTINUE s F 455

N 438 B50 N=Y1iM 5 F _45¢

4 339 GO TO MM.(Bb0,B880) SF 457

B 440 840 DD B7¢ K=1,N . § F 458

J 741 Y17k S F 455

Ei 442 MZHEwZMY+Y1+1,001 S F 460

. 333 DRAQI=FARAM{M, 1) wRAOVH S F 461

444 V1(KIZ(1-{Y16DRHOL/YDIM) @52 eVH S F 482

a45 ELEVI=ZMV-Y1 § F 463

446 PRINT 75,ELEV1,Vv1(K) § F 464

EEX 870 CONTINUE 5 F 465

. 448 G0 70 900 5 F_486

L 449 880 p0 890 K=1.N S F 4&7

450 YizK 5 F 468

751 M=WS=ZMV*Y1*1,003 STF 469

J 452 DRHO1=PARAM (M. 1) ~RHOVH S F 47¢

v 753 VI{K}=((1-V1=0RHO1/YD1MI=e2 1o VH SF 471

= 454 ELEY1sZMV=Y1 5 F 472

355 PRINT 75,ELEVL.VI{K) SF 473

456 890 CONTINUE S F 474

957 S00 L=YeM S F 475

458 SUMZ=(evMey2(Ly}/2)#RM $ F 476

§5% LTK[T2=72K=-2+0,001 S F 477

460 DG 910 J=0.LINIT2 S F 478

- 4] MENS=ZMV-Y2N+J*1,001 5 F 479

l ab2 N=M+1 S F 480

= 363 VAVGZ= (VO J*L11+2(J*2) 172 § F 481

: 464 020J*1)=VAVG2aRH S F 482

M 365 SUNS=SUN3+02 (J+1) 5 F 483

i 466 AVOEN2{J+1)2(PARAM(N,1)*PARAMIN, 1)) /2 S F 484

i 967 AVTEMZ{J+ 12 (PARAMIN, 2)+PARAH(N,2))/2 S F 485

- 468 AVGOO2CJ+1)2(PARAMIN 3) «PARAMIH,3))/2 S F 486

Fig. C2. (sheet 9 of 10}
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04719769 J BOHAN THE GE-400 SERIES - FORTRAN 45A (MTPS) o FAGE # 10  J BO sDLé

469 910 CONTINUE S F 487
470 SUM4=[{yMeY1(1))/2)9RY § F_488
71 LiH[T32¥in=1+0,001 S F 489
472 EO 920 f=4.LIMIT3- .. sF ayg__
473 MzWS-ZHV+]+1,0061 § F 491
474 L=t R . _ S F 492
475 VAVGLZ (V1) +V1{I+1))/2 5 F 493
476 8l (11=vAvELsRy S F 494
7T SUMA=SUNEYQL(]) § F 495
478 AYDENL(I)=(PARAM(L L)*PARAMIM.LY/2 5§ F 496
479 AVTEMICI)2(PARAMIL,2)+PARAMIM. 2V /2 S F 497
480 AVGDOI(T)=(PARAM{L»3)+PARAMIH 3} 2/2 e ... F 898 _
481 920 CONTINUE S F 499
a8z SUMG=SUMI+SUMY $ F 500
383 PRINT 80,5uUMa S F 501
484 SDENE=0,0__ __ _ . ....8.F BO2
485 STEM270.0 §F 503
486 §hox2=0,0 _ . . .8 F. 504
487 LIMIT4=Y2M=1+0.0G1 § F 505
488 LQ 930 I=1,LIMIT4 5§ 5pé
789 PCENG2=0Z ( 1)/ SUHD § ¥ 507
490 DEN2SPCEMD2eayDENZ{L) . _§ . F 508 _
491 SDEN2=SDEN2+DENZ S F 549
492 TEHP2=PCENGZ2AVTIEM2(]) - S - T 0 3 4| B
493 STEMZ=STEM2+TEMP s F 511
494 DISOXZ=FCENR2#AYGDG2(]) 5. F 512
495 SD0X2=5DCx2+D1S0X2 S F 513
498 930 GONTINUE e _ .. .5 F B34
497 LENS~ZHMY+1,001 § F 515
498 MsY2M*é.003 N . .._§F Bi&
497 N=WS=ZMy+0.001 sF 517
500 SDEN2=SDEN2+( (({VM+V2(M)}/2)aRW)/GUMT) e ({PARAMIL ,1)+PARAMIN,133/2) § F 518
501 STEMZ2=STEM2+ (( ((VM+VY2(H))/Z)oRWI/SUMO) « ( (FARAM(L,2)+PARAM(N,2))/2) S F 519
302 sbox2= SDBXE-((uvruvztm)/2)»RH)/SUMO)»((PARAM(L.3)+PARAH(N;_.3.?MZ)_S_Jszg_
563 M2WS=ZMV+2, 004 s F 521
504 SDENL=({((VM+V1(1))/2)#RH)/SUHQI# (XPARAMIL s 1) +PARAMIN,1)) /2 _ _§ F 522 -
505 STEMI=((({VM+V1{1) 1 /27 cRWI/SUMG u { (FARAMIL, 2) +PARAM(N, 2)1/2) 3 F 523
506 SDOXL=Z ({((VM+VICIII/2)2RN) /SUND ) a{ (PARAMIL ,3I+PARAM(N, 3))/2) _ S F 524
507 LIMITS=2Y1IM-1+0.001 S F 525
508 D0 940 Jj=&,LIMITS et . _B.F_ 526
509 PCENGI=01 T /8UMD §F 527
510 DEN1=PCEMQ1#AVDENL(J) _ B o . ... F 528
1] SDENI=SDENI+DENL 5 F 529
512 TEMPS1=PCENGL=AVTEML(J) S F 530"
513 STEMi=STEHI+TENF] SF 531
514 D1SOXiZPCENQLoAYGDOL L) e _...§ f_53z2
515 S00¥1=SpoXi*DIsoxi 5 F 533
316 940 CONTINUE —iee S F 534
517 DEN=SDENT +SDERD § F 535
518 TEMP=STEM1+5TEMR 5. F 538
519 DISOXY=5nOX1+500%X2 SF 537
520 PRINT 85 &5 F 538
521 PRINT 9G,DEN, TEMF, DISOXY §F B3%
522 STOP77777 _ e ei__ 8 F 540
523 END 5 F'541

Fig. C2. (sheet 10 of 10)
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M<ELEODX{1.1}- M=WS-RHKY
ELEC@XINDAX T =Z2+E.001
PARAMIM, )= DAHQZP=AH) )~
ELEDOX{NDRX.Z) PARAMIM,F)
TAYeiZzrrn
“DRHQ2F

TEST-(AC"2) XES
“RHOQ AV-AV/G

PRINT
"SELECTIVE WITHDRAWAL ::II:I‘.,:O.ZI: Ne
FROM A RANDOM DENSITY Zzwa
STRATIFIED RESEAVOIR
THABUGH A SURMERGED [} o
ORIFICE™ .

MeWS-ZCLD '

+Z141.901 YES

DRHIP=-PARAM{M, T}

-AH@Q NZyL=
ZCLOH22
+05

™
TORHL1P
PAINT
NZUL
2RL-TF
22uZAU22Z
DZ=ABSIZZLL-Z2}

RHOG=PARAMIN, 1)
K1=W5S-ZLL+.001

2 220422
Zuhml ZZZLZ2
¥ Ziz1 DZ-AESIEZLU-Z2)
CAHOIP=PARAM It=iZznz
[LIRIE LT ] DZ=ABS|ZILL-21)
CRRHG2P-RHOD-

PARAMINZ, 1}
@ YES
Z1=2GL
22e20UL-ZCLO NO
Na YES
AVZ1=(Z1* AR}
*SOATICAHO1P

G ZLAKRD) Zis2iLL
=21
[] ZreZILLOZNZ
ANZI(TT LA DZ=ABSIZILL-Z1} ZLL-2040-2
“SQRTIDRH@ZP NZLL=ZLL+0.5
G Z2RHOD

YES

YES

! Z1rZiLY L

AV-RVET -T2
OaAV AL
ZU-ZoLe+Z2
NZUL-ZULHLS

TEST#{AQ*2]

Fig. C3. Flow chart (sheet 2 of 5)



H=Z14Z23
ASSIGN 70 TO 4

ASSIGH 730 TP KK
ASSIGH 330 T@ LL
ASSIGN BSO T3 MM

PRINT
R, wS,
e

H=WS-ZCL3+1.001
RHGG-PARAMINT}
AVeAS

ZB-ZCLA-ELEGEN
{NGEN, 1}

DAHOB-ELEDEN

INDEN,Y) -AHBG

ZA=ZCLO-ELEGEN
INTEM,1)

DAKOB=ELEDEN
INTEW.7)' -AHOD

]

ATEST=AV/SORT
HOAHGR/AHGE)
"G*2a)

ASSIGN T10 TG &
ASSIGN 850 TO WM

MeWS-ZCLY
+Z1+4,001
RHGIP=

PARAMINY)-RHOO
TAY={Z1*5}
"DRHOIF

ZiLu-21
ZILL-B
T1SZILUHZILL

=ZILui2
AsZILY

ZiLU=A
Z1LL=21
Z1=ZILLHZILL

HZuL=2LL8
+E20S

PRINT
NZUL

ASSIGH 31 TO LL

Z2-2572
A= 00

B-25
1

MeWS-200L0
1001
DAHQYZPRHGH

-ZIRU2
8=Z1LL

NZLL=2CL3
-Z1+0.5

ASSIGN 730 TG 1

ASSIGN 850 T MM
Z5WS-ZOLD
DRHPSRHGH-

Fig. C3.

FARAM{1.T)

[]
STRY=ZS Uk
STEST=AV/SQRT

HOAHBSIRHB!
“6zs

~PARAM{M}
TAY={Z2'"S)
*DREQ2P

Flow chart (sheet 3 of 5)

HeZleZ2
ASSIGM 780 TQ KK
ASSIGN B TR LL




MeWS-NZCLG+1,001 YDIM=Y M DRHGIN
AHAQ-PARAMIN,1! YDIMYIMORNEM
N SRHGIP-PAAAMING, 1} S“Ml':"’
R L=y
WeZUL-ZLL nae
ASSIGN 70 TO 1 *
ASSIGH 730 T9 KK
ASSIGN B30 T9 LL nnnezp-auo:
N B8O T
ASSIG! * 3 MM b=
2zu=a0 -
z2L=00 | [
ZI=H2
- ZeH-Z1 Y=L I l Yi=L
NZELIZLLAZI+05 WS- ZMVHY [ WS- ZUV Y
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SELECTIVE WITHDRAWAL FROM A DENSITY STRATIFIED RESERVOIR THROUPH & SUBMERGED ORIFICE

SAMPLE PROBLEM = THE ORIF SIZE AND LOCATION ARE FIXED AND THE DESIRED DISCHARGE

1S GIVEN. THE WITHDRAWAL LIMITS ARE TO EE COMFLTED. THEREFORE USE CONDITION 2

RES WIDTH(FT) W S ELEY ORIF CL ELEYV __.
o 1000.0 200.¢0 15c.0
ORIF AREAa(SE FT» AVE VEL-THRUNQRIF(FPS) ___ORIF pIsgeeFs)
- 84,570 6.25 460.00

ELEVATION LOWER LIMIT OF WITHDRAWAL ZONE 168,08

ilii.

UPPER LIMIT OF WITHDRAWAL ZONE EXTENDS TO FREE SURFACE

f;ﬁ ELEVATION UPPER LINIT OF WITHDRAWAL ZONE 200,0

ELEVATION OF MAX VELOCITY IN WITHDRAWAL ZONE 193.9

MAX VELGCITY N WITHDRAWAL ZONE (FPS) 0.0172

ELEVATICN VELOCITY
200,0 c,0000
199,40 0.0079
198,0 0.0127
197.0 0.0154
156.0 0.0L166
195.0 0,0471
158.7 0.0172
192.0 0.0172
191.0 0,0172
190.0 0.0172 . -
189.C U.6170
188.0 0.0169
187.0 0D.9167
1686.0 0.0166
185.0 0.0164
'184.6 0.0161 ~ i
183.0 0.0:59
162.0 0.0156
181.0 _ §.0153
- - _180.0 0.0150
L i75.0 G.0142
B 178.0 0,0133 .
5 177.0 0.0123
176,10 0.0113
175.0 0.0103
174.0 0.0080
173.T §.0059
172.0 0.003% -
371,10 0.0023 T
170.0 0.0010
169,10 T, 0003
168.0 0.0000
DISCHARGE CORPUTED FROM VELOCTTY FROFTILETCFS) 400,00
3 DENSITY OF OUTFLOW  TEMPR OF QUTFLOW  DIS OXY CONT OF OUTFLOW
7 0.997145 GH/CC 24,71 DEG C . 6.29 MG/L
& Fig. C5. Example of program output
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and the distribution of velocities therein. In certain cases, the proximity of the
free surface and/or bottom boundary may dictate the upper and/or lower limits of the
zone of withdrawal., Means were developed (Appendix A) for evaluating the conditions
vnder which these boundaries dictate the limits of the withdrawal zone and for deter-
mining the distribution of veleocities within a zone of withdrawal restricted by bound-
ary conditions. A sample problem (Appendix B) is presented to illustrate application
of the results to determine the maximum discharge that may be released through a square
orifice for a given set of conditions without exceeding the limits of a desired hypo-
thetical zone of withdrawal. The example alsc illustrates how the actual limits of the
zone of withdrawal and the veloeity distribution therein ave determined. A method is
illustrated for predicting the dissolved oxygen content a.nd/or other water qualiiy pa-
rameters of the outflow provided the vertical distributions of these parameters in the
reservolr are known. A FCRIRAN IV program is presented in Appendix C. This program
can be used to solve three different approaches to the selective withdrawal problem:
{1) determination of the allowable discharge for selected withdrawal limits and orifice
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13. ABSTRACT (Corntinued)

size and elevation; (2) determination of the withdrawal zone characteristies for a
selected discharge and orifice size and elevation; and (3) determination of the al-
lowable discharge and orifice elevation for selected withdrawal limits and orifice
size. The density and/or temperature profile in the reservoir must be known or as-
sumed for all three conditions. The effect of orifice shape on the withdrawal char-
acteristics was tested and analyzed after the draeft of this report was prepared.

The resulbts were believed to be pertinent and are dizcussed briefly in the Dis-
cussion section of this report.
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